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Appendix  E.  Correlation  of  Nitrogen  and  TNT/DNT 

E.  1       Introduction 

A  test  of  linear  correlation  is  a  study  of  the  linear  relationship  between  two  variables. 
Estimating  the  correlation  coefficient  "r"  from  data  representing  the  two  variables 
assesses  the  strength  of  the  relationship.  "R"  values  can  range  from  -1  to  1,  with  a  value 
of  1  indicating  a  perfect  positive  relationship  (i.e.,  when  one  variable  increases,  the  other 
increases)  and  a  value  of-1  indicating  a  perfect  negative  relationship  (i.e.,  when  one 
variable  increases,  the  other  decreases).     Values  close  to  zero  indicate  no  linear 
relationship. 

A  statistical  test  can  also  be  applied  to  the  correlation  coefficient  to  assess  the  confidence 
in  the  result.  A  statistical  test  is  based  on  the  concept  of  proof  by  contradiction.  The 
hypothesis  being  tested  (referred  to  as  the  null  hypothesis)  is  that  two  variables  are  not 
linearly  related.  The  alternate  hypothesis  is  the  contradiction  of  the  null  hypothesis  (i.e., 
that  they  are  linearly  related).  The  statistical  test  consists  of  estimating  the  correlation 
coefficient  "r"  and  calculating  the  probability  of  finding  a  sample  correlation  coefficient 
as  extreme  or  more  extreme  than  this  "r"  value,  given  that  the  null  hypothesis  is  true  and 
no  linear  relationship  exists.  If  sufficient  evidence  exists  that  the  null  hypothesis  is  not 
true,  then  the  null  hypothesis  is  rejected  and  the  alternate  hypothesis  is  assumed  to  be 
true.  "Sufficient  evidence"  is  generally  considered  to  be  a  low  probability  (typically 
p<5%)  of  the  null  hypothesis  being  true  (in  other  words,  a  low  probability  of  finding  a 
sample  correlation  coefficient  as  extreme  or  more  extreme  than  the  calculated  "r"  value). 
The  symbol  a  is  used  to  represent  the  probability  criterion,  which  is  also  referred  to  as  the 
significance  level  or  the  confidence  level  of  the  test.  The  smaller  the  calculated  p  value, 
the  greater  evidence  that  the  null  hypothesis  is  not  true,  i.e.  that  the  two  variables  are  not 
linearly  related.  In  this  case,  a  <  0.05  is  used  as  a  basis  for  rejecting  the  null  hypothesis. 
All  statistical  tests  were  performed  using  StatPad™,  which  is  an  add-on  to  the  Microsoft 
Excel  spreadsheet  program. 

E.2       Correlation  between  Nitrogen  analyses  and  CRREL  TNT/DNT 

This  method  was  used  to  identify  whether  a  linear  relationship  exists  between  CRREL 
TNT/DNT  concentrations  and  nitrate/nitrite  nitrogen  concentrations  in  surface  soil  (less 
than  2  ft)  at  MMR.  The  null  hypothesis  is  that  nitrate/nitrite  nitrogen  is  linearly  unrelated 
to  CRREL  TNT/DNT,  and  the  alternative  hypothesis  is  that  nitrate/nitrite  nitrogen  is 
linearly  related  to  CRREL  TNT/DNT.  The  results  of  the  statistical  test  are  shown  in 
Table  E-l .  The  calculated  correlation  coefficient  "r"  for  these  two  variables  is  0. 19927. 
This  value  suggests  that  there  is  a  weak  positive  correlation  between  nitrate/nitrite 
nitrogen  and  CRREL  TNT/DNT  concentrations.  The  "t"  value  in  Table  E-l  is  the  test 
statistic,  which  depends  on  the  estimated  "r"  value  and  the  number  of  data  points,  and  is 
used  to  determine  the  probability  p.  The  results  in  Table  E-l  indicate  that  the  probability 
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of  finding  an  "r"  value  as  extreme  or  more  extreme  than  r=0. 19927  (given  that  no 
relationship  exists)  is  p=0. 000005.  Because  this  value  is  less  than  the  criterion  a  =  0.05, 
the  null  hypothesis  is  rejected,  and  the  test  concludes  that  there  is  a  statistically 
significant  linear  relationship  between  nitrate/nitrite  nitrogen  and  CRREL  TNT/DNT 
levels. 

Similarly,  tests  were  performed  to  identify  whether  a  linear  relationship  is  present 
between  ammonia  nitrogen  and  CRREL  TNT/DNT  concentrations,  and  also  between 
nitrate/nitrite  nitrogen  and  ammonia  nitrogen.  As  shown  in  Table  E-l,  the  correlation 
coefficient  "r"  between  ammonia  nitrogen  and  CRREL  TNT/DNT  concentrations  is 
0.57026.  The  probability  of  finding  an  "r"  value  as  extreme  or  more  extreme  than  r=0. 
56564  (given  that  no  relationship  exists)  is  p=3.7xl0"31.  Because  this  value  is  less  than 
the  criterion  a  =  0.05,  the  null  hypothesis  is  rejected,  and  the  test  concludes  that  there  is  a 
statistically  significant  linear  relationship  between  ammonia  nitrogen  and  CRREL 
TNT/DNT  levels. 

The  results  indicate  that  the  relationship  between  soil  ammonia  nitrogen  and  CRREL 
TNT/DNT  levels  is  stronger  than  the  relationship  between  nitrate/nitrite  nitrogen  and 
CRREL  TNT/DNT. 

Table  E-l  shows  the  correlation  coefficient  "r"  between  ammonia  nitrogen  and 
nitrate/nitrite  nitrogen  concentrations  is  0.31519.  The  probability  of  finding  an  "r"  value 
as  extreme  or  more  extreme  than  r=0.  33883  (given  that  no  relationship  exists)  is 
p=6.6xl0"".  Because  this  value  is  less  than  the  criterion  a  =  0.05,  the  null  hypothesis  is 
rejected,  and  the  test  concludes  that  there  is  a  statistically  significant  linear  relationship 
between  ammonia  nitrogen  and  nitrate/nitrite  nitrogen  concentrations. 

The  results  of  these  statistical  tests  suggest  the  reported  TNT/DNT  concentrations  using 
the  CRREL  method  are  strongly  associated  with  the  level  of  nitrogen  compounds  present 
in  the  soil.  It  appears  both  nitrate/nitrite  and  ammonia  have  an  effect  on  the  CRREL 
TNT/DNT  method.  At  low  levels  of  nitrogen  compounds  the  CRREL  methodology 
yields  a  non-detect  but  at  higher  nitrogen  compound  levels  it  indicates  a  detection.  Thus, 
it  is  believed  that  some  of  the  positive  detects  with  the  CRREL  TNT/DNT  method  are 
responding  to  nitrogen  levels  in  the  soil  and  not  the  explosive  compounds  TNT  or  DNT. 
Note  that  the  test  methods  for  nitrate/nitrite  and  ammonia  nitrogen  do  not  detect  the 
explosive  compounds  detected  by  the  CRREL  methods.  As  expected  no  relationship  was 
found  between  nitrogen  compounds  and  CRREL  RDX/HMX  results,  and  these  statistical 
test  results  are  not  reported.  The  data  used  in  the  above  correlation  tests  are  provided  in 
Table  E-2. 
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Table  E-l.  Correlation  Test  Results 


Correlation  Tested 

r 

t 

P 

Nitrate/nitrite  versus  CRREL  TNT/DNT 

0.19927 

4.26054 

2.5E-05 

Ammonia  N  versus  CRREL  TNT/DNT 

0.57026 

14.5450 

2.1E-39 

Ammonia  N  versus  Nitrate/Nitrite 

0.31519 

6.9586 

1.3E-11 

Table  E-2.  Data  used  in  the  correlation  tests 


OGDEN 
ID 

Depth 
(ft) 

N03/N02-N 
(mg/kg) 

EPA 
FLAGS 

NH4-N 
(mg/kg) 

EPA 
FLAGS 

TNT/DNT 
(mg/kg) 

EPA 
FLAGS 

HMX/RDX 
(mg/kg) 

EPA 
FLAGS 

B0 1  AAA 

0.5 

0.21 

24.8 

J 

2.3 

1 

U 

B01AAD 

0.5 

2.2 

21.4 

J 

2.1 

1 

u 

B01ABA 

2 

0.04 

J 

10.4 

J 

1 

U 

1 

u 

B0 1  BAA 

0.5 

0.58 

24.9 

J 

3 

1 

u 

B0  IBB A 

2 

0.22 

J 

9.6 

J 

1 

u 

1 

u 

B01CAA 

0.5 

3.8 

22.2 

J 

2.4 

1 

u 

B01CBA 

2 

0.03 

J 

8.7 

J 

1 

u 

1 

u 

B01DAA 

0.5 

0.21 

J 

9.8 

J 

2.2 

1 

u 

B0 1 DBA 

2 

0.09 

J 

7.7 

J 

1 

u 

1 

u 

B01EAA 

0.5 

3 

33.1 

J 

3.8 

1 

u 

B01EBA 

2 

0.2 

J 

5.7 

J 

1 

u 

0.78 

J 

B01FAA 

0.5 

0.01 

U 

5.8 

J 

1 

1 

u 

B01FBA 

2 

0.01 

UJ 

2.9 

UJ 

0.74 

J 

1 

u 

B01GAA 

0.5 

0.01 

12.7 

J 

2.4 

1 

u 

BO  1  GAD 

0.5 

0.01 

u 

13.4 

J 

2.6 

1 

u 

BO  1GB  A 

2 

0.01 

UJ 

2.8 

UJ 

0.74 

J 

1 

u 

BO  1  HA  A 

0.5 

0.01 

u 

2.5 

UJ 

1 

u 

1 

u 

B01HBA 

2 

0.01 

J 

2.5 

UJ 

1 

u 

1 

u 

B01IAA 

0.5 

0.01 

10.7 

J 

1.4 

1 

u 

B01IBA 

2 

0.01 

9.4 

J 

1 

u 

1 

u 

B01JAA 

0.5 

0.01 

10.5 

J 

1.5 

1 

u 

B01JBA 

2 

0.01 

u 

10 

J 

0.79 

J 

1 

u 

B01KAA 

0.5 

0.07 

J 

11.4 

J 

2.3 

1 

u 

BO  1KB  A 

2 

0.04 

10 

J 

1 

u 

1 

u 

B02AAA 

0.5 

0.08 

10 

J 

1.1 

1 

UJ 

B02ABA 

2 

0.02 

J 

2.8 

UJ 

1 

u 

1 

u 

B02BAA 

0.5 

0.05 

J 

5.7 

J 

1 

u 

1 

UJ 

B02BBA 

2 

0.01 

J 

3.1 

J 

1 

u 

1 

u 

B02CAA 

0.5 

0.02 

J 

7.8 

J 

1 

u 

1 

UJ 

B02CBA 

2 

0.01 

u 

2.9 

UJ 

1 

u 

1 

u 

B02DAA 

0.5 

0.04 

J 

14.8 

1.1 

1 

UJ 

B02DBA 

2 

0.19 

3.6 

J 

1 

u 

0.88 

J 
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OGDEN 
ID 

Depth 
(ft) 

N03/N02-N 
(mg/kg) 

EPA 
FLAGS 

NH4-N 
(mg/kg) 

EPA 
FLAGS 

TNT/DNT 
(mg/kg) 

EPA 
FLAGS 

HMX/RDX 
(mg/kg) 

EPA 
FLAGS 

B02EAA 

0.5 

0.12 

8.5 

J 

0.92 

J 

1 

UJ 

B02EBA 

2 

0.33 

2.5 

UJ 

1 

U 

0.98 

J 

B02FAA 

0.5 

0.04 

J 

41 

2.5 

1 

UJ 

B02FBA 

2 

0.05 

J 

4.7 

J 

0.75 

J 

0.78 

J 

B02GAA 

0.5 

0.06 

20.2 

2.4 

1 

UJ 

B02GBA 

2 

0.08 

2.8 

UJ 

1 

u 

1.4 

J 

B02HAA 

0.5 

0.06 

J 

13.2 

UJ 

1.6 

0.78 

J 

B02HBA 

2 

0.17 

2.7 

UJ 

1 

u 

0.58 

J 

B02IAA 

0.5 

0.02 

J 

27.9 

2.6 

1 

u 

B02IBA 

2 

0.03 

J 

2.8 

UJ 

1 

u 

0.88 

J 

B02JAA 

0.5 

0.05 

J 

32.1 

2.4 

1 

u 

B02JBA 

2 

0.07 

2.7 

UJ 

1 

u 

0.98 

J 

B02KAA 

0.5 

0.34 

28.1 

4.2 

1 

u 

B02KBA 

2 

0.18 

16.5 

J 

0.92 

J 

1.2 

J 

B02LAA 

0.5 

0.05 

J 

21 

2 

5.4 

J 

B02LBA 

2 

0.06 

5.2 

J 

0.88 

J 

0.58 

J 

B02MAA 

0.5 

0.08 

J 

13 

J 

1 

u 

1 

u 

B02MBA 

2 

0.17 

2.7 

UJ 

0.83 

J 

0.68 

J 

B02NAA 

0.5 

0.05 

J 

17 

UJ 

2.1 

0.43 

J 

B02NBA 

2 

0.02 

J 

2.7 

UJ 

1 

u 

0.58 

J 

B02OAA 

0.5 

0.06 

J 

15.6 

UJ 

2.6 

0.43 

J 

B02OBA 

2 

0.02 

J 

2.8 

UJ 

1 

u 

0.88 

J 

B03AAA 

0.5 

0.1 

8.2 

J 

0.89 

J 

1 

UJ 

B03ABA 

2 

0.05 

J 

9.3 

J 

0.83 

J 

1.4 

B03BAA 

0.5 

0.22 

7.7 

J 

1.4 

1500 

J 

B03BBA 

2 

0.07 

3.7 

J 

1 

u 

1 

u 

B03CAA 

0.5 

0.05 

15.2 

J 

0.7 

J 

1 

UJ 

B03CBA 

2 

0.02 

J 

4.2 

J 

1 

u 

1 

u 

B03DAA 

0.5 

1 

J 

19.5 

1.1 

0.7 

J 

B03DBA 

2 

0.02 

J 

2.4 

UJ 

1 

u 

1 

u 

B03EAA 

0.5 

0.02 

J 

5.9 

J 

1.2 

1 

UJ 

B03EBA 

2 

0.06 

4.5 

UJ 

0.67 

J 

0.39 

J 

B03FAA 

0.5 

0.36 

9.2 

J 

0.81 

1 

UJ 

B03FAD 

0.5 

0.38 

7.7 

J 

1 

1 

UJ 

B03FBA 

2 

0.06 

3 

J 

1 

u 

0.88 

J 

B03GAA 

0.5 

0.03 

J 

5.7 

J 

0.78 

h 

UJ 

B03GBA 

2 

0.02 

J 

2.8 

UJ 

1 

u 

0.78 

.1 

B03HAA 

0.5 

0.05 

J 

4.2 

J 

0.92 

J 

1 

u 

B03HBA 

2 

0.07 

2.6 

UJ 

1 

u 

1 

u 

B03IAA 

0.5 

0.01 

J 

4.6 

J 

0.73 

J 

1 

u 

B03IBA 

2 

0.06 

2.9 

J 

1 

u 

1 

u 

B03JAA 

0.5 

1.8 

16.3 

1 

u 

1 

UJ 
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&& 
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OGDEN 
ID 

Depth 
(ft) 

N03/N02-N 
(mg/kg) 

EPA 
FLAGS 

NH4-N 
(mg/kg) 

EPA 
FLAGS 

TNT/DNT 
(mg/kg) 

EPA 
FLAGS 

HMX/RDX 
(mg/kg) 

EPA 
FLAGS 

B03JBA 

2 

1.8 

15.8 

J 

1.4 

0.68 

J 

B03KAA 

0.5 

0.04 

10.5 

J 

1.4 

1 

UJ 

B03KBA 

2 

0.01 

J 

2.8 

UJ 

0.71 

J 

0.78 

J 

B03LAA 

0.5 

0.02 

3.9 

J 

1.3 

1 

UJ 

B03LBA 

2 

0.02 

J 

2.8 

UJ 

0.95 

J 

1 

u 

B03MAA 

0.5 

1.1 

14.8 

0.7 

J 

0.44 

J 

B03MBA 

2 

0.53 

22.8 

J 

1.6 

0.49 

J 

B03NAA 

0.5 

0.02 

16.8 

0.93 

1 

UJ 

B03NBA 

2 

0.02 

J 

3 

UJ 

0.73 

J 

1.3 

B03OAA 

0.5 

0.03 

J 

10 

J 

1 

U 

1 

u 

B03OAD 

0.5 

0.04 

J 

9.7 

J 

0.62 

J 

1 

u 

B03OBA 

2 

0.02 

3 

J 

1 

u 

1 

u 

B03OBD 

2 

0.03 

5.1 

J 

1 

u 

1 

u 

B04AAA 

0.5 

0.28 

4.3 

J 

1 

u 

3.2 

B04ABA 

2 

0.06 

2.6 

UJ 

1 

u 

1 

u 

B04BAA 

0.5 

0.03 

J 

3.2 

J 

1 

u 

0.51 

J 

B04BBA 

2 

0.02 

2.6 

UJ 

1 

u 

1 

u 

B04CAA 

0.5 

0.03 

J 

7.3 

T~ 

1 

u 

1 

u 

B04CBA 

2 

0.02 

2.6 

UJ 

1 

u 

1 

u 

B04DAA 

0.5 

0.08 

8.2 

j 

1 

u 

1 

u 

B04DBA 

2 

0.05 

3.8 

j 

1 

u 

1 

u 

B04EAA 

0.5 

0.01 

U 

3.1 

j 

1 

u 

1 

u 

B04EBA 

2 

0.02 

2.7 

UJ 

1 

u 

1 

u 

B04FAA 

0.5 

0.01 

u 

5.8 

J 

1 

u 

1.5 

B04FBA 

2 

0.01 

2.7 

UJ 

1 

u 

1 

u 

B04GAA 

0.5 

0.03 

40 

J 

1.9 

1 

u 

B04GBA 

2 

0.01 

u 

3 

UJ 

1 

u 

1 

u 

B05AAA 

0.5 

0.07 

J 

10.7 

1 

u 

2.2 

B05ABA 

2 

0.01 

15 

J 

1 

u 

0.36 

J 

B05ABD 

2 

0.03 

8.2 

J 

1 

u 

1 

u 

B05BAA 

0.5 

0.06 

J 

7.4 

1 

u 

1 

u 

B05BBA 

2 

0.03 

10.7 

J 

1 

u 

0.53 

J 

B05CAA 

0.5 

0.06 

J 

3.6 

J 

1 

u 

1 

u 

B05CBA 

2 

0.02 

13.6 

J 

1 

u 

1 

u 

B05DAA 

0.5 

0.02 

J 

3.4 

J 

1 

u 

1 

u 

B05DBA 

2 

0.03 

7.8 

J 

1 

u 

1 

u 

B05EAA 

0.5 

0.02 

J 

5.3 

J 

0.64 

J 

1 

u 

B05EBA 

2 

0.02 

13.1 

J 

0.79 

J 

1 

u 

B05FAA 

0.5 

0.03 

J 

6.4 

J 

0.62 

J 

1 

u 

B05FBA 

2 

0.02 

J 

3.6 

J 

1 

u 

1 

u 

B05HAA 

0.5 

0.04 

J 

2.6 

UJ 

1 

u 

1 

u 

B05HBA 

2 

0.07 

6.5 

J 

1 

u 

0.36 

J 
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OGDEN 
ID 

Depth 
(ft) 

N03/N02-N 
(mg/kg) 

EPA 
FLAGS 

NH4-N 
(mg/kg) 

EPA 
FLAGS 

TNT/DNT 
(mg/kg) 

EPA 
FLAGS 

HMX/RDX 
(mg/kg) 

EPA 
FLAGS 

B05IAA 

0.5 

0.02 

J 

3.9 

J 

1 

U 

1 

U 

B05IBA 

2 

0.03 

12.1 

J 

0.61 

J 

1 

u 

B05JAA 

0.5 

0.02 

J 

2.7 

UJ 

1 

U 

2.8 

B05JBA 

2 

0.03 

7.5 

J 

1 

u 

0.36 

J 

B05KAA 

0.5 

0.04 

J 

2.7 

UJ 

1 

u 

1 

u 

B05KBA 

2 

0.01 

U 

2.7 

UJ 

0.78 

J 

1 

u 

B05LAA 

0.5 

0.03 

4.1 

J 

1 

u 

1 

UJ 

B05LBA 

2 

0.06 

2.7 

UJ 

1 

u 

1.1 

B05MAA 

0.5 

0.01 

u 

2.5 

UJ 

1 

u 

1 

UJ 

B05MBA 

2 

0.01 

u 

2.5 

UJ 

1 

u 

1 

u 

B05NAA 

0.5 

0.01 

3.3 

J 

1 

u 

1 

UJ 

B05NBA 

2 

0.01 

2.5 

UJ 

1 

u 

1 

u 

B05PAA 

0.5 

0.05 

J 

5.5 

J 

1 

u 

1 

u 

B05PBA 

2 

0.18 

J 

9.5 

J 

1 

u 

1 

u 

B05QAA 

0.5 

0.01 

6.9 

J 

0.98 

J 

1 

UJ 

B05QBA 

2 

0.04 

2.9 

UJ 

1 

u 

1 

u 

B06AAA 

0.5 

0.06 

13.9 

1.6 

0.94 

J 

B06ABA 

2 

0.02 

J 

2.6 

UJ 

1 

u 

1 

u 

B06BAA 

0.5 

0.07 

14.5 

2.3 

1 

u 

B06BBA 

2 

0.02 

J 

3 

J 

1 

u 

1 

u 

B06CAA 

0.5 

0.04 

J 

18.5 

2.8 

0.55 

J 

B06CBA 

2 

0.04 

J 

4.5 

J 

0.61 

J 

1 

u 

B06DAA 

0.5 

0.04 

J 

18.1 

2.4 

1.7 

B06DBA 

2 

0.01 

J 

8.2 

0.86 

J 

1 

u 

B06EAA 

0.5 

0.08 

15.6 

1.8 

1 

u 

B06EAD 

0.5 

0.02 

J 

17.9 

1.3 

1 

u 

B06EBA 

2 

0.01 

J 

3.9 

J 

1 

u 

0.52 

J 

B07AAA 

0.5 

0.03 

J 

18.2 

1.3 

1 

UJ 

B07ABA 

2 

0.01 

J 

12.4 

1 

u 

1 

u 

B07BAA 

0.5 

0.06 

22.2 

2 

1 

UJ 

B07BBA 

2 

0.02 

4.8 

J 

1 

u 

1 

u 

B07CAA 

0.5 

0.07 

29.6 

1 

u 

1 

UJ 

B07CBA 

2 

0.04 

3.8 

J 

1 

u 

1 

u 

B07CBD 

2 

0.02 

2.9 

UJ 

1 

u 

1 

u 

B07DAA 

0.5 

0.13 

19.3 

1.8 

1 

UJ 

B07DBA 

2 

0.02 

4 

J 

1 

u 

1 

u 

B07EAA 

0.5 

0.05 

J 

22.1 

2.3 

1 

UJ 

B07EAD 

0.5 

0.26 

17.8 

2.4 

1 

UJ 

B07EBA 

2 

0.02 

J 

6.1 

J 

1 

u 

1 

u 

B07EBD 

2 

0.02 

J 

5.9 

J 

1 

u 

1 

u 

B08AAA 

0.5 

0.05 

J 

23.3 

0.97 

J 

1 

UJ 

B08ABA 

2 

0.09 

5.4 

J 

1 

u 

1 

u 
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OGDEN 
ID 

Depth 
(ft) 

N03/N02-N 
(mg/kg) 

EPA 
FLAGS 

NH4-N 
(mg/kg) 

EPA 
FLAGS 

TNT/DNT 
(mg/kg) 

EPA 
FLAGS 

HMX/RDX 
(mg/kg) 

EPA 
FLAGS 

B08BAA 

0.5 

0.29 

12.8 

J 

1.3 

1 

UJ 

B08BBA 

2 

0.04 

8.5 

J 

1 

U 

1 

U 

B08CAA 

0.5 

0.07 

9.5 

J 

0.82 

J 

1 

UJ 

B08CBA 

2 

0.05 

7.2 

J 

1 

u 

1 

u 

B08DAA 

0.5 

0.08 

23.1 

1 

u 

1 

UJ 

B08DBA 

2 

0.11 

17.6 

1 

u 

1 

u 

B08EAA 

0.5 

0.23 

24.2 

1.8 

1 

UJ 

B08EAD 

0.5 

0.16 

25.3 

0.97 

J 

1 

UJ 

B08EBA 

2 

0.02 

8.9 

J 

1 

u 

1 

u 

B08EBD 

2 

0.02 

4.4 

J 

1 

u 

1 

u 

B09AAA 

0.5 

0.04 

J 

22.4 

4.1 

J 

0.85 

J 

B09AAD 

0.5 

0.04 

J 

19.7 

3 

1.5 

B09ABA 

2 

0.01 

U 

3 

R 

0.86 

J 

1 

u 

B09ABD 

2 

0.01 

U 

3 

R 

0.98 

1 

u 

B09BAA 

0.5 

0.04 

J 

12.7 

J 

1.3 

0.38 

J 

B09BBA 

2 

0.01 

u 

5.2 

J 

1 

u 

1 

u 

B09CAA 

0.5 

0.03 

J 

20 

2 

0.62 

J 

B09CBA 

2 

0.01 

u 

3 

R 

0.65 

en 

1 

u 

B09DAA 

0.5 

0.04 

J 

14.1 

J 

0.73 

j 

1 

u 

B09DBA 

2 

0.01 

u 

2.9 

J 

1 

u 

1 

u 

B09EAA 

0.5 

0.04 

J 

19.3 

1 

u 

1 

u 

B09EBA 

2 

0.01 

u 

3.6 

J 

1 

u 

1 

u 

B10AAA 

0.5 

0.04 

J 

15.9 

1.4 

0.69 

J 

B10AAD 

0.5 

0.05 

19.2 

J 

1.5 

0.54 

J 

B10ABA 

2 

0.02 

4.3 

J 

1 

u 

1 

u 

B10BAA 

0.5 

0.06 

15.7 

J 

1.9 

1 

u 

B10BBA 

2 

0.01 

4.5 

J 

1 

u 

1 

u 

B10CAA 

0.5 

0.08 

16.2 

J 

3.1 

0.38 

J 

B10DAA 

0.5 

0.04 

11.6 

J 

1.2 

0.54 

J 

B10DBA 

2 

0.01 

J 

2.7 

UJ 

1 

u 

1 

u 

B10EAA 

0.5 

0.09 

J 

28.6 

J 

2 

J 

1 

UJ 

B10EBA 

2 

0.01 

J 

2.6 

UJ 

1 

u 

1 

u 

B11AAA 

0.5 

0.04 

J 

27.1 

0.61 

J 

1 

u 

B11ABA 

2 

0.09 

J 

3.5 

J 

0.85 

J 

0.67 

J 

B11BAA 

0.5 

0.01 

u 

14.8 

J 

1.2 

0.51 

J 

B11BBA 

2 

0.04 

6 

J 

1 

u 

1 

u 

B11CAA 

0.5 

0.04 

J 

24.9 

1.3 

1 

u 

B11CBA 

2 

0.04 

6.6 

J 

1 

u 

1 

u 

B11CBD 

2 

0.03 

7 

J 

1 

u 

1 

u 

B11DAA 

0.5 

0.04 

J 

23.5 

1 

u 

1 

u 

B11DBA 

2 

0.06 

J 

8.9 

J 

1 

u 

1 

u 

B11EAA 

0.5 

0.04 

J 

19 

1 

u 

1 

u 
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OGDEN 
ID 

Depth 
(ft) 

N03/N02-N 
(mg/kg) 

EPA 
FLAGS 

NH4-N 
(mg/kg) 

EPA 
FLAGS 

TNT/DNT 
(mg/kg) 

EPA 
FLAGS 

HMX/RDX 
(mg/kg) 

EPA 
FLAGS 

B11EAD 

0.5 

0.02 

J 

16.3 

0.81 

1 

U 

B11EBA 

2 

0.04 

J 

10.1 

J 

1 

U 

1 

u 

B12AAA 

0.5 

0.08 

3.1 

J 

1 

U 

3.6 

J 

B12ABA 

2 

0.04 

J 

2.7 

U 

1 

u 

0.74 

J 

B12BAA 

0.5 

0.15 

11 

1 

u 

1.4 

B12BBA 

2 

0.03 

J 

2.7 

u 

1 

u 

1 

u 

B12CAA 

0.5 

0.15 

4.6 

J 

1 

u 

4.9 

B12CBA 

2 

0.08 

5.8 

1 

u 

1 

u 

B12DAA 

0.5 

0.08 

2.7 

UJ 

1 

u 

0.58 

J 

B12DBA 

2 

0.07 

J 

9.1 

J 

1 

u 

7.4 

B12EAA 

0.5 

0.06 

2.7 

UJ 

1 

u 

0.78 

J 

B12EBA 

2 

0.1 

2.8 

UJ 

1 

u 

1 

u 

B12FAA 

0.5 

0.38 

J 

8.5 

J 

1 

u 

1 

u 

B12FBA 

2 

0.48 

7.6 

J 

1 

u 

1 

u 

B13AAA 

0.5 

0.01 

J 

2.2 

u 

1 

u 

1 

u 

B13BAA 

0.5 

0.06 

3.8 

J 

1 

u 

2.8 

B13BBA 

2 

0.35 

9.3 

J 

0.72 

J 

0.51 

J 

B13CAA 

0.5 

0.01 

U 

2.4 

u 

1 

u 

1 

u 

B13CBA 

2 

0.05 

2.7 

u 

1 

u 

1 

UJ 

B13DAA 

0.5 

0.01 

u 

2.9 

J 

1 

u 

1 

u 

B13DBA 

2 

0.04 

2.8 

u 

1 

u 

1 

UJ 

B13EAA 

0.5 

0.01 

u 

2.7 

J 

0.69 

J 

1 

u 

B13EAD 

0.5 

0.01 

u 

2.9 

J 

0.76 

J 

1 

u 

B13EBA 

2 

0.14 

3.4 

J 

1 

u 

1 

UJ 

B13FAA 

0.5 

0.03 

J 

3.3 

J 

1 

u 

1 

u 

B13FBA 

2 

0.03 

J 

2.6 

UJ 

1 

u 

0.44 

J 

B13GAA 

0.5 

0.04 

J 

8.5 

J 

1 

u 

0.36 

J 

B13GBA 

2 

0.09 

J 

4.6 

J 

1 

u 

1 

u 

B13HAA 

0.5 

0.01 

J 

2.6 

UJ 

1 

u 

1 

u 

B13HBA 

2 

0.04 

J 

3.5 

J 

1 

u 

1 

u 

B13IAA 

0.5 

0.25 

J 

19.3 

9.1 

2.2 

B13IBA 

2 

0.06 

J 

11.7 

J 

1 

u 

1 

u 

B13JAA 

0.5 

0.04 

J 

12.6 

5.2 

1 

u 

B13JBA 

2 

0.02 

J 

4.4 

J 

1 

u 

1 

u 

B14AAA 

0.5 

0.06 

J 

22.2 

3.2 

1 

u 

B14ABA 

2 

0.01 

u 

2.9 

UJ 

1 

u 

1 

u 

B14BAA 

0.5 

0.04 

J 

16 

1 

1 

u 

B14BAD 

0.5 

0.05 

J 

21.1 

1.4 

1 

u 

B14BBA 

2 

0.01 

J 

5.4 

J 

1 

u 

1 

u 

B14CAA 

0.5 

0.04 

J 

17.8 

3.2 

3.7 

B14CBA 

2 

0.02 

J 

2.8 

J 

1 

u 

1.3 

B14DAA 

0.5 

0.05 

J 

17.5 

2.5 

1 

u 
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OGDEN 
ID 

Depth 
(ft) 

N03/N02-N 
(mg/kg) 

EPA 
FLAGS 

NH4-N 
(mg/kg) 

EPA 
FLAGS 

TNT/DNT 
(mg/kg) 

EPA 
FLAGS 

HMX/RDX 
(mg/kg) 

EPA 
FLAGS 

B14DBA 

2 

0.01 

U 

2.8 

UJ 

0.65 

J 

1 

U 

B14EAA 

0.5 

0.04 

J 

24.3 

3 

1 

U 

B14EBA 

2 

0.01 

J 

4.6 

J 

1.2 

1 

u 

B15AAA 

0.5 

0.02 

J 

2 

J 

1 

U 

1.3 

B15ABA 

2 

0.02 

2.5 

UJ 

1 

U 

1 

u 

B15BAA 

0.5 

0.02 

J 

4.4 

J 

1 

u 

0.89 

B15BAD 

0.5 

0.02 

J 

2.6 

J 

1 

u 

2.1 

B15CAA 

0.5 

0.11 

4.9 

J 

1 

u 

0.57 

J 

B15CBA 

2 

0.06 

2.5 

UJ 

1 

u 

1 

u 

BC5AAA 

0.5 

0.01 

4.6 

J 

1 

u 

1 

UJ 

BC5BAA 

0.5 

0.07 

J 

2.7 

UJ 

1 

u 

1 

u 

BG5FAA 

0.5 

0.04 

2.5 

u 

1 

u 

1 

u 

BGHAAA 

0.5 

0.39 

14.9 

0.99 

J 

1 

u 

BGHAAD 

0.5 

0.3 

12.1 

1.4 

1 

u 

BGHABA 

2 

0.22 

J 

6.4 

J 

1 

u 

0.62 

J 

BGHBAA 

0.5 

0.51 

13.3 

1.3 

1 

u 

BGHBBA 

2 

0.07 

^_ 

2.8 

UJ 

0.6 

J 

1 

u 

BGHCAA 

0.5 

0.4 

13.6 

J 

1.7 

1 

u 

BGHCAD 

0.5 

0.09 

10.8 

J 

1.4 

1 

u 

BGHCBA 

2 

0.09 

2.8 

UJ 

0.7 

J 

1 

u 

BGHDAA 

0.5 

0.13 

J 

16.7 

2.1 

1 

u 

BGHDBA 

2 

0.04 

J 

3.7 

J 

0.76 

J 

1 

u 

BGHEAA 

0.5 

0.05 

J 

15.7 

2 

1 

u 

BGHEBA 

2 

0.04 

J 

2.8 

UJ 

0.76 

J 

2 

BGHFAA 

0.5 

0.13 

7.5 

J 

1.7 

1 

u 

BGHFBA 

2 

0.05 

J 

3.4 

J 

0.83 

J 

1 

u 

BGHGAA 

0.5 

0.09 

J 

14.4 

0.77 

J 

1 

u 

BGHGBA 

2 

0.11 

J 

2.8 

UJ 

1 

u 

1 

u 

BGHHAA 

0.5 

0.09 

J 

7.29 

J 

1.1 

1 

u 

BGHHBA 

2 

0.13 

J 

2.8 

UJ 

0.72 

J 

1 

u 

BGHIAA 

0.5 

0.11 

J 

12.5 

2.2 

1 

u 

BGHIBA 

2 

0.05 

J 

3.8 

J 

1 

u 

1 

u 

BGHJAA 

0.5 

0.16 

J 

6.02 

J 

1 

u 

1 

u 

BGHJBA 

2 

0.1 

J 

3.1 

J 

1 

u 

1 

u 

BGHKAA 

0.5 

0.5 

8.04 

J 

1 

u 

1 

u 

BGHKBA 

2 

0.11 

J 

2.8 

UJ 

1 

u 

1 

u 

BGHLAA 

0.5 

0.39 

6.99 

J 

0.88 

J 

1 

u 

BGHLBA 

2 

0.76 

J 

2.8 

UJ 

1 

u 

1 

u 

BGHMAA 

0.5 

0.05 

J 

10.3 

1.2 

1 

u 

BGHMAD 

0.5 

0.05 

J 

3.85 

J 

1.5 

1 

u 

BGHMBA 

2 

0.08 

J 

2.8 

UJ 

0.68 

J 

1 

u 

BGHNAA 

0.5 

0.05 

2.6 

u 

1 

u 

1 

UJ 
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OGDEN 
ID 

Depth 
(ft) 

N03/N02-N 
(mg/kg) 

EPA 
FLAGS 

NH4-N 
(mg/kg) 

EPA 
FLAGS 

TNT/DNT 
(mg/kg) 

EPA 
FLAGS 

HMX/RDX 
(mg/kg) 

EPA 
FLAGS 

BGHNBA 

2 

0.04 

3.5 

J 

1 

U 

1 

U 

BGHOBA 

2 

0.02 

J 

2.8 

J 

0.71 

J 

1 

U 

BGLAAA 

0.5 

0.21 

2.9 

J 

1 

u 

1 

u 

BGLABA 

2 

0.1 

2.6 

UJ 

1 

u 

1 

u 

BGLBAA 

0.5 

0.13 

3.3 

J 

0.7 

J 

1 

u 

BGLBBA 

2 

0.06 

2.6 

UJ 

1 

u 

0.38 

J 

BGLCAA 

0.5 

0.03 

J 

2.6 

UJ 

1 

u 

1 

u 

BGLCBA 

2 

0.11 

J 

2.6 

UJ 

1 

u 

1 

u 

BGLDAA 

0.5 

0.16 

2.5 

UJ 

1 

u 

1 

u 

BGLDBA 

2 

0.17 

4.5 

J 

1 

u 

1 

u 

BGLEAA 

0.5 

0.11 

J 

3.3 

J 

1 

u 

1 

u 

BGLEBA 

2 

0.08 

J 

2.6 

UJ 

1 

u 

1 

u 

BGLFAA 

0.5 

0.09 

15.2 

2.2 

0.4 

J 

BGLFBA 

2 

0.03 

J 

3.8 

J 

1 

u 

1 

u 

BGLGAA 

0.5 

0.12 

11.6 

1 

u 

1 

u 

BGLGBA 

2 

0.02 

J 

2.5 

UJ 

1 

u 

1 

u 

BGLHAA 

0.5 

0.06 

J 

20.1 

J 

1.7 

1 

u 

BGLHBA 

2 

0.02 

6 

J 

1 

u 

1 

u 

BGLIAA 

0.5 

0.07 

4.7 

1.3 

1 

u 

BGLIBA 

2 

0.34 

3.3 

J 

1 

u 

1 

u 

BGMAAA 

0.5 

0.17 

J 

7.5 

J 

0.79 

J 

0.64 

J 

BGMABA 

2 

0.04 

J 

4.8 

J 

1.1 

0.59 

J 

BGMBAA 

0.5 

0.08 

16.3 

0.68 

J 

1.4 

BGMBBA 

2 

0.04 

J 

3.3 

J 

1 

u 

0.37 

J 

BGMCAA 

0.5 

0.1 

22.5 

0.93 

J 

1 

u 

BGMCBA 

2 

0.02 

J 

2.9 

UJ 

1 

u 

1 

u 

BGMDAA 

0.5 

0.18 

J 

5.2 

J 

0.96 

J 

1 

u 

BGMDBA 

2 

0.03 

J 

3.5 

J 

0.67 

J 

1 

u 

BGMDBD 

2 

0.02 

J 

3.2 

J 

1 

u 

1 

u 

BGMEAA 

0.5 

0.14 

2.9 

J 

1 

u 

1 

u 

BGMEBA 

2 

0.04 

J 

2.7 

UJ 

1 

u 

1 

u 

BGMFAA 

0.5 

0.06 

2.6 

J 

1 

u 

1 

u 

BGMFAD 

0.5 

0.08 

4.4 

J 

1 

u 

1 

u 

BGMFBA 

2 

0.03 

J 

2.6 

UJ 

1 

u 

1 

u 

BGMGAA 

0.5 

0.12 

J 

4.9 

J 

0.71 

J 

1 

Li 

BGMGBA 

2 

0.09 

J 

2.8 

UJ 

1 

u 

1 

u 

BGMHAA 

0.5 

0.21 

J 

2.6 

UJ 

1 

u 

1 

u 

BGMHBA 

2 

0.07 

J 

2.5 

UJ 

1 

u 

1 

u 

BGMIAA 

0.5 

0.19 

6.4 

J 

1 

u 

1 

u 

BGMIBA 

2 

0.09 

J 

4.2 

J 

1 

u 

1 

u 

BGMJAA 

0.5 

0.13 

2.7 

UJ 

1 

u 

1 

u 

BGMJBA 

2 

0.08 

2.6 

UJ 

1 

u 

0.55 

J 
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OGDEN 
ID 

Depth 
(ft) 

N03/N02-N 
(mg/kg) 

EPA 
FLAGS 

NH4-N 
(mg/kg) 

EPA 
FLAGS 

TNT/DNT 
(mg/kg) 

EPA 
FLAGS 

HMX/RDX 
(mg/kg) 

EPA 
FLAGS 

BGMKAA 

0.5 

0.37 

J 

5.6 

J 

0.71 

J 

1 

U 

BGMKBA 

2 

0.11 

J 

3 

J 

1 

U 

1 

U 

BGMLAA 

0.5 

0.1 

J 

2.5 

UJ 

1 

U 

3.8 

BGMLBA 

2 

0.08 

J 

2.5 

UJ 

1 

u 

1 

u 

BGMMBA 

2 

0.04 

5.1 

J 

1 

u 

1 

u 

BGMNAD 

0.5 

0.05 

9.2 

J 

1.7 

1 

UJ 

BGMNBA 

2 

0.03 

2.6 

UJ 

1 

u 

1 

u 

BM3AAA 

0.5 

0.02 

J 

28.4 

J 

2 

1 

u 

BM3ABA 

2 

0.03 

2.7 

UJ 

0.78 

J 

1 

u 

BM3ABD 

2 

0.03 

2.7 

UJ 

0.71 

J 

1 

u 

BM3BAA 

0.5 

0.16 

33.9 

J 

1.4 

1 

u 

BM3BBA 

2 

0.12 

2.7 

UJ 

0.64 

J 

1 

u 

BM3CAA 

0.5 

0.07 

J 

26.9 

J 

1.2 

1 

u 

BM3CBA 

2 

0.04 

3.1 

T~ 

1 

u 

1 

u 

BM3DAA 

0.5 

0.01 

J 

33 

j 

0.76 

J 

0.95 

J 

BM3DBA 

2 

0.08 

7.3 

j 

0.82 

J 

1 

u 

BM3EAA 

0.5 

0.06 

J 

10 

j 

1.4 

1 

u 

BM3EBA 

2 

0.02 

3 

1 

u 

1 

u 

BM5AAA 

0.5 

0.12 

3.3 

j 

1 

u 

1 

u 

BM5ABA 

2 

0.08 

J 

5.8 

j 

1 

u 

0.5 

J 

BM5BAA 

0.5 

0.06 

7.4 

2.1 

1 

u 

BM5BBA 

2 

0.08 

J 

4.5 

j 

1 

u 

1 

u 

BM5BBD 

2 

0.09 

J 

5.8 

j 

1 

u 

1 

u 

BM5CAA 

0.5 

0.06 

7 

2.2 

1 

u 

BM5CBA 

2 

0.07 

J 

6 

j 

1 

u 

0.67 

J 

BM5DAA 

0.5 

0.09 

6.7 

j 

1.8 

~T 

u 

BM5DBA 

2 

0.04 

J 

5.6 

j 

1 

u 

1 

u 

BM5EAA 

0.5 

0.07 

6.4 

j 

1.6 

1 

u 

BM5EBA 

2 

0.02 

J 

5.3 

j 

0.77 

J 

1 

u 

BM6AAA 

0.5 

0.07 

4.25 

j 

1.7 

1 

u 

BM6ABA 

2 

0.02 

J 

4.4 

j 

1 

u 

1 

u 

BM6ABD 

2 

0.03 

J 

5.3 

j 

1 

u 

0.5 

J 

BM6BAA 

0.5 

0.05 

J 

5.7 

j 

2 

1 

u 

BM6BBA 

2 

0.05 

J 

7.6 

j 

0.92 

J 

1 

u 

BM6CAA 

0.5 

0.06 

13.1 

j 

1.8 

0.36 

J 

BM6CAD 

0.5 

0.05 

J 

16 

j 

1.9 

0.54 

J 

BM6CBA 

2 

0.08 

J 

6.1 

j 

1 

u 

1.2 

BM8AAA 

0.5 

0.94 

14.1 

j 

1.6 

1 

UJ 

BM8ABA 

2 

0.11 

2.6 

UJ 

1 

u 

1.6 

BM8BAA 

0.5 

0.04 

J 

19 

J 

3.4 

0.36 

J 

BM8BBA 

2 

0.07 

3.9 

J 

0.81 

J 

1 

u 

BM8CAA 

0.5 

0.05 

J 

23.5 

J 

2.7 

1 

UJ 
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OGDEN 
ID 

Depth 
(ft) 

N03/N02-N 
(mg/kg) 

EPA 
FLAGS 

NH4-N 
(mg/kg) 

EPA 
FLAGS 

TNT/DNT 
(mg/kg) 

EPA 
FLAGS 

HMX/RDX 
(mg/kg) 

EPA 
FLAGS 

BM8CAD 

0.5 

0.06 

16.5 

J 

2.8 

1 

UJ 

BM8CBA 

2 

0.07 

5.9 

J 

1 

U 

1 

u 

BOPAAA 

0.5 

0.11 

8.5 

J 

1.1 

1 

u 

BOPABA 

2 

0.03 

2.6 

UJ 

1 

U 

0.51 

J 

BOPBAA 

0.5 

0.07 

12.5 

J 

1.4 

1 

u 

BOPBBA 

2 

0.07 

2.7 

UJ 

1 

u 

1 

u 

BOPCAA 

0.5 

0.06 

8.2 

J 

0.91 

J 

1 

u 

BOPCBA 

2 

0.04 

2.7 

UJ 

1 

u 

0.51 

J 

BOPDAA 

0.5 

0.1 

8.4 

J 

2 

0.48 

J 

BOPDBA 

2 

0.06 

2.6 

UJ 

1 

u 

0.43 

J 

BOPEAA 

0.5 

0.18 

2.9 

J 

1 

u 

1 

u 

BOPEAD 

0.5 

0.22 

5.1 

J 

1 

u 

1 

u 

BOPEBA 

2 

0.04 

2.5 

UJ 

1 

u 

1.1 

S01DAA 

0.5 

0.28 

7.2 

J 

1.5 

1 

u 

SOI  DAD 

0.5 

0.21 

7.9 

J 

1.3 

1 

u 

SOI  DBA 

2 

0.02 

J 

2.8 

u 

1 

u 

1 

u 

S02DAA 

0.5 

0.02 

11 

J 

1 

u 

1 

u 

S02DAD 

0.5 

0.04 

11.8 

J 

0.86 

J 

1 

u 

S03DAA 

0.5 

1.5 

30.3 

2.1 

1 

u 

S03DAD 

0.5 

2.6 

47 

2.6 

1 

u 

S03DBA 

2 

0.01 

U 

3.9 

J 

1 

u 

1 

u 

S04DAA 

0.5 

0.05 

11.1 

J 

1.1 

1 

u 

S04DAD 

0.5 

0.02 

15.2 

J 

1.3 

1 

u 

S04DBA 

2 

0.02 

3 

UJ 

1 

u 

1 

u 

S05DAA 

0.5 

0.32 

11.6 

J 

1.6 

0.42 

J 

S05DAD 

0.5 

0.13 

15.7 

2 

0.5 

J 

S05DBA 

2 

0.02 

J 

2.5 

u 

1 

u 

1 

u 

S06DAA 

0.5 

0.13 

13 

J 

2.3 

1 

u 

S06DAD 

0.5 

1.1 

24.5 

2.9 

1 

u 

S06DBA 

2 

0.01 

UJ 

2.8 

u 

1 

u 

1 

u 

S07DAA 

0.5 

0.01 

u 

6.9 

J 

2 

1 

u 

S07DAD 

0.5 

0.02 

6.2 

J 

2.5 

1 

u 

S07DBA 

2 

0.03 

J 

6.6 

J 

1 

u 

1 

u 

S08DAA 

0.5 

0.21 

38.7 

5.03 

1 

u 

S08DAD 

0.5 

0.14 

28.8 

3.6 

1 

u 

S08DBA 

2 

0.07 

J 

4 

J 

0.67 

J 

1 

u 

S09DAA 

0.5 

0.12 

5.1 

J 

0.73 

J 

1 

u 

S09DAD 

0.5 

0.06 

9.1 

J 

0.81 

J 

1 

Li 

S09DBA 

2 

0.05 

J 

2.4 

u 

1 

u 

1 

u 

S11DAA 

0.5 

0.22 

5.3 

J 

~H 

u 

1 

u 

SI  1  DAD 

0.5 

0.21 

5.6 

J 

1 

u 

1 

u 

SI  1  DBA 

2 

0.02 

2.8 

UJ 

1 

u 

1 

u 
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OGDEN 
ID 

Depth 
(ft) 

N03/N02-N 
(mg/kg) 

EPA 
FLAGS 

NH4-N 
(mg/kg) 

EPA 
FLAGS 

TNT/DNT 
(mg/kg) 

EPA 
FLAGS 

HMX/RDX 
(mg/kg) 

EPA 
FLAGS 

S12DAA 

0.5 

0.26 

17.1 

0.99 

J 

1 

U 

S12DBA 

2 

0.01 

UJ 

2.6 

UJ 

1 

UJ 

1 

UJ 

S13DAA 

0.5 

0.04 

J 

21.3 

J 

1.1 

1 

u 

S13DAD 

0.5 

0.09 

J 

24.5 

J 

1 

u 

1 

u 

S13DBA 

2 

0.02 

J 

3 

UJ 

1 

UJ 

1 

UJ 

S14DAA 

0.5 

0.02 

2.9 

UJ 

1 

u 

1 

u 

S14DAD 

0.5 

0.01 

u 

2.8 

UJ 

1 

u 

1 

u 

S14DBA 

2 

0.07 

J 

2.9 

u 

1 

u 

1 

u 

S15DAA 

0.5 

0.03 

6.8 

J 

0.77 

J 

1 

u 

S15DAD 

0.5 

0.03 

5.3 

J 

0.73 

J 

1 

u 

S15DBA 

2 

2.1 

J 

2.6 

u 

1 

u 

1 

u 

S16DAA 

0.5 

0.02 

4.2 

J 

1 

u 

1 

u 

S16DAD 

0.5 

0.07 

5.5 

J 

1 

u 

1 

u 

S16DBA 

2 

0.2 

4.8 

J 

1 

u 

1 

u 

S19DAA 

0.5 

0.18 

6.7 

J 

1 

u 

0.48 

J 

S19DAD 

0.5 

0.17 

6.2 

J 

~P 

u 

0.69 

J 

S19DBA 

2 

0.02 

3.4 

J 

1 

u 

1 

u 

S25DAA 

0.5 

0.11 

23.4 

2.64 

1 

u 

S25DAD 

0.5 

0.09 

26.1 

4.4 

0.048 

J 

S25DBA 

2 

0.02 

J 

2.9 

J 

1 

u 

1 

u 

S26DAA 

0.5 

0.05 

21.4 

2.3 

0.75 

J 

S26DAD 

0.5 

0.05 

15.6 

2.6 

0.42 

J 

S26DBA 

2 

0.02 

3.2 

J 

0.82 

J 

1 

u 

S27DAA 

0.5 

0.07 

11.1 

J 

2 

1 

u 

S27DAD 

0.5 

0.07 

11.5 

J 

2.5 

1 

u 

S27DBA 

2 

0.02 

J 

2.8 

u 

1 

u 

1 

u 

S28DAA 

0.5 

0.06 

5.5 

J 

1.1 

1 

u 

S29DAA 

0.5 

0.01 

2.7 

UJ 

1 

u 

1 

u 

S29DBA 

2 

0.02 

J 

2.9 

UJ 

1 

UJ 

1 

UJ 

S30DAA 

0.5 

0.01 

u 

4.6 

J 

1 

u 

1 

u 

S30DBA 

2 

0.05 

2.8 

UJ 

0.61 

J 

1.3 

*  -  indicates  unvalidated  data 

J  -  estimated  value 

R  -  rejected  value  during  data  validation 

U  -  not  detected 

UJ  -  not  detected  at  an  estimated  reporting  limit 
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APPENDIX  F 
EVALUATION  OF  BACKGROUND  DATA 


F.  1       Introduction 

Background  samples  are  intended  to  document  conditions  at  the  MMR  site  unaffected  by  activities 
from  the  Impact  Area  and  Training  Ranges,  known  contaminant  plumes,  or  source  areas. 
Background  samples  were  collected  from  surface  and  subsurface  soil,  groundwater,  surface  water, 
and  sediment.  This  appendix  discusses  the  background  data  collected  for  the  MMR  site,  and 
presents  a  statistical  approach  to  determining  representative  background  compound  concentrations 
to  be  used  in  comparisons  to  concentrations  detected  at  the  site. 

Section  F.2  discusses  the  statistical  approach  to  developing  "benchmark"  concentrations  in 
background  areas.  Background  soil  data  are  discussed  in  Section  F.3,  and  Section  F.4  presents 
groundwater  data.  Section  F.5  includes  a  discussion  of  background  sediment  and  surface  water  data. 

F.  2       Statistical  Approach  for  Determining  Background  Benchmark  Concentrations 

The  MMR  Risk  Assessment  Handbook  (IRP,  1 994)  notes  the  need  to  screen  site  analytical  findings 
against  background  and  suggests  a  means  of  establishing  a  background  "benchmark"  for  making  this 
comparison:  an  upper  tolerance  limit  on  the  frequency  distribution  of  background  observations.  This 
approach  has  been  used  to  establish  background  values  and  clean-up  standards  at  other  contaminated 
sites  such  as  U.  S.  Department  of  Energy  facilities  (Bonzcek  et  al.,  1996).  The  methodology  has 
appeared  in  peer  reviewed  literature  and  is  recognized  by  the  EPA  (Fleishhauer  and  Korte,  1989). 
Finally,  EPA  recognition  is  shown  by  the  inclusion  of  these  methods  in  its  Soil  Screening  Guidance 
(EPA,  1996)  and  its  GEOEAS  software. 

A  tolerance  limit  is  the  value  (in  this  case  a  concentration)  in  a  distribution  that  "covers"  a  specified 
proportion  of  expected  values.  For  instance,  90%  of  the  values  in  a  distribution  would  be  equal  to 
or  lower  than  the  90%  upper  tolerance  limit.  Alternatively,  it  could  be  said  that  there  would  be  no 
more  than  a  1 0%  chance  of  finding  a  value  higher  than  the  90%  upper  tolerance  limit  that  was  part 
of  the  same  distribution  of  data.   Therefore,  if  a  site  sample  concentration  were  greater  than  the 
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specified  upper  tolerance  limit,  there  might  be  a  better  chance  that  some  other  explanation  for  the 
presence  of  the  analyte  (i.e.,  an  environmental  release)  than  assigning  it  to  background.  The 
Background  Work  plan  specified  a  90%  coverage  be  used  for  defining  background  benchmarks. 

Tolerance  limits  are  calculated  based  on  assumptions  about  how  data  are  distributed.  Therefore,  the 
background  data  samples  were  tested  for  their  fit  to  typical  (i.e.,  normal  or  lognormal)  distributions. 
However,  before  fit  testing,  the  data  were  screened  for  frequency  of  detection.  This  was  done 
because  it  would  be  difficult  to  establish  a  distribution  when  many  values  are  below  a  reporting 
limit;  one  does  not  know  what  concentration  to  assign  to  these  samples.  A  minimum  frequency  of 
detection  was  identified  for  each  medium  (soil,  groundwater,  surface  water,  and  sediment),  based 
upon  the  approach  taken  as  described  by  the  IRP  or  professional  judgement  in  cases  where  no 
precedent  was  available  from  IRP.  The  practical  consequence  of  this  screen  is  that  any  compound 
for  which  an  upper  tolerance  limit  has  not  been  calculated  due  to  low  frequency  of  detection  will  be 
assumed  to  be  above  background,  if  it  is  detected  above  its  reporting  limit. 

Data  for  the  frequently-detected  compounds  were  tested  for  fit  to  normal  or  lognormal  distributions. 
This  was  done  in  two  ways.  First,  data  were  applied  to  probability  plots.  Probability  plots  show 
concentration  data  against  cumulative  frequency  where  the  frequency  value  is  transformed  to 
standard  deviations  of  known  distributions  (e.g.,  the  normal  distribution).  Because  standard 
deviations  encompass  equal  intervals  of  probability,  a  data  set  that  is  perfectly  distributed  will  form 
a  straight  line  on  a  probability  plot.  Therefore,  to  test  the  fit  of  data  to  a  distribution,  data  are  placed 
on  a  probability  plot  using  deviates  of  a  known  distribution,  with  parameter  values  equal  to  the 
estimated  statistics  for  the  distribution  being  tested.  The  data  were  then  tested  for  linearity  using  least 
squares  linear  correlation  techniques.  Correlation  coefficients  bounding  the  95%  confidence  limit 
for  the  linear  range  were  used  as  critical  values  for  testing  the  data.  Untransformed  data  were  drawn 
on  a  probability  plot  using  normal  deviates  to  test  for  normality,  while  log-transformed  data  were 
applied  to  the  same  (normal)  probability  plot  to  test  for  lognormality. 

Where  data  appeared  to  be  consistent  with  either  distribution  type,  the  distribution  providing  the 
highest  correlation  coefficient  was  assumed  to  be  the  most  appropriate  distribution  for  application 
to  the  tolerance  limit  calculation.  No  other  distribution  types  were  tested,  consistent  with  the 
approach  used  in  the  MMR  Risk  Handbook.  Where  the  data  were  consistent  with  neither  a  normal 
nor  a  lognormal  distribution,  the  tolerance  limit  was  calculated  based  on  an  assumed  normal 
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distribution,  as  this  approach  was  applied  to  the  background  analysis  found  in  the  MMR  Risk 
Handbook. 

A  second  test  of  distribution  fit  was  applied  to  the  data,  because  it  was  used  by  IRP  in  their 
background  analysis.  The  Kolmogorov-Smirnov  test  (Sokal  and  Rohlf,  1995)  measures  the 
step- wise  difference  between  the  frequency  of  each  observation  in  an  experimental  data  set  versus 
the  expected  frequency  of  that  observation  if  the  data  followed  a  specified  distribution  (e.g.,  the 
normal  distribution).  Statistical  tables  are  available  for  the  Kolmogorov-Smirnov  test  that  identify 
confidence  levels  that  data  fit  a  distribution  based  on  the  ratio  of  the  expected  to  observed  frequency. 
A  95%  confidence  level  was  applied  to  determine  critical  values  for  the  test. 

Where  there  was  not  agreement  between  the  probability  plot  test  and  the  Kolmogorov-Smirnov  test, 
the  distribution  suggested  by  the  Kolmogorov-Smirnov  test  was  used,  to  be  consistent  with  the 
MMR  Handbook. 

The  tolerance  limit  for  each  data  set  was  calculated  as: 

UTL  =  X  +  Ks 

Where, 

UTL  =  Upper  Tolerance  Limit 

X=  arithmetic  mean  of  the  data 

K  =  adjustment  factor  to  establish  the  UTL  at  a  specified  coverage  and  confidence 

s  =  standard  deviation  of  the  data 

An  upper  tolerance  limit  of  90%  was  used  and  the  confidence  requirement  applied  was  95%.  Thus, 
the  UTL  generated  has  95%  confidence  of  covering  90%  of  the  underlying  distribution.  Adjustment 
factors,  K,  were  obtained  from  Bowker  and  Lieberman  (1959).  This  calculation  was  applied  using 
the  mean  and  standard  deviation  of  untransformed  data  for  data  sets  found  to  be  normally  distributed 
or  found  not  to  be  consistent  with  either  distribution  (normal  or  lognormal)  tested.  The  calculation 
was  applied  to  the  mean  and  standard  deviation  of  log-transformed  data  for  data  sets  found  to  be 
lognormally  distributed.  The  UTL  in  natural  log  units  (LnUTL)  was  then  re-transformed  using  the 
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formula: 

UTL  =  eLnUTL 

The  initial  step  in  identifying  an  appropriate  distribution  for  background  datasets,  distributional  tests 
were  conducted  on  the  complete  dataset  for  each  compound.  Following  this  step,  the  datasets  were 
evaluated  for  the  possibility  of  "outliers",  or  extreme  values  which  may  skew  the  benchmarks  high 
or  low.  If  the  dataset  follows  a  normal  distribution  (or  can  be  transformed  to  a  normal  distribution), 
a  statistical  test  can  be  performed  to  identify  outliers.  The  Grubbs  test  consists  of  calculating  a  value 
G  based  upon  the  value  of  the  potential  outlier  and  the  mean  and  standard  deviation  of  the  dataset: 


G  =  (Y-x)/s 

where:  G  =  Grubbs  statistic 

Y  =  potential  outlier 
x  =  mean  of  dataset 
s  =  standard  deviation  of  dataset 

The  calculated  value  G  can  then  be  compared  to  a  critical  value,  which  depends  on  the  number  of 
values  in  the  dataset  and  the  assumed  level  of  confidence  (in  this  case,  95%).  If  the  calculated  value 
G  exceeds  the  critical  value,  the  data  point  is  considered  an  outlier. 

It  is  of  note  that  an  "outlier"  is  defined  by  the  statistical  distribution  one  feels  models  the  data,  and 
an  alternate  explanation  for  the  outlier  is  that  it  indicates  that  one's  choice  of  statistical  distribution 
models  is  incorrect.  Thus,  outlier  analysis  identifies  datapoints  that  should  be  investigated  to  assure 
they  were  randomly  collected  and  unbiased  in  terms  of  contamination.  It  may  not  be  correct  to 
eliminate  an  outlier  from  a  dataset  without  an  explanation  for  why  the  sample  is  not  believed  to  be 
a  part  of  the  background  population. 

The  Grubbs  test  was  performed  on  the  minimum  and  maximum  values  of  both  the  untransformed 
and  transformed  datasets.  If  the  results  of  the  test  on  both  the  untransformed  and  transformed  data 
indicated  that  no  potential  outliers  existed,  then  no  data  points  were  eliminated  from  the  data  set,  and 
the  distributional  tests  conducted  using  the  entire  dataset  were  considered  valid.   In  cases  where 
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potential  outliers  were  identified,  the  dataset  was  evaluated  further  to  determine  whether  the  data 
point  should  be  eliminated  from  the  dataset  for  the  purposes  of  calculating  a  UTL. 

In  cases  where  an  outlier  was  identified  using  the  untransformed  data  but  not  the  transformed  data, 
and  the  data  fit  a  lognormal  distribution,  the  datum  was  not  eliminated.  This  was  done  because  the 
"outlier"  in  this  case  refers  to  a  distribution  type  that  is  not  the  best  fit  for  the  data.  When  a  more 
appropriate  (i.e.,  lognormal)  model  is  assumed,  no  outliers  are  identified.  Similarly,  when  an  outlier 
was  identified  using  the  transformed  data  but  not  the  untransformed  data,  and  the  data  fit  a  normal 
distribution,  the  datum  not  eliminated  because  it  is  not  an  outlier  in  the  best  fitting  distribution. 

In  cases  where  an  outlier  was  identified  using  both  the  untransformed  and  transformed  datasets,  the 
potential  outlier  was  eliminated  and  the  distributional  tests  were  re-run.  Attachment  1  to  this 
Appendix  presents  the  probability  plot  distribution  tests,  outlier  tests,  and  calculation  of  UTL  values 
in  all  media. 

F.3       Background  Soil  Samples  (Areas  41  and  42) 

Ten  surface  and  nine  subsurface  samples  were  collected  at  the  Shawme-Crowell  State  Forest  (Area 
41),  and  1 1  surface  and  subsurface  samples  were  taken  from  the  Four  Ponds  Conservation  Area  in 
Bourne  (Area  42).  A  total  of  21  "surface"  (0-6  inches)  and  20  "subsurface"  (18-24  inches)  soil 
samples  were  collected  from  two  locations. 

The  Shawme-Crowell  State  Forest  is  located  north  of  Highway  Route  6  near  the  town  of  Sandwich, 
MA. .  The  majority  of  the  forested  area  in  the  Shawme  Crowell  appears  to  be  a  high  public  use  area 
with  a  high  density  of  campgrounds  and  nearby  residential  housing.  However,  areas  of  the  Forest 
sampled  are  located  immediately  south  of  the  campground  identified  as  "Area  2",  which  is  relatively 
undisturbed.  The  Four  Ponds  Conservation  Area  in  Bourne  appears  to  have  been  less  heavily  used 
by  the  public  compared  to  the  State  Forest,  and  there  are  no  established  camp  sites  at  this  location. 
The  sampling  locations  are  in  an  area  away  from  the  hiking  trail  and  do  not  appear  to  be  disturbed. 

F.3.1  Analytical  Results 

Tables  F-l  and  F-2  present  the  frequency  of  detection  for  all  detected  metals  and  inorganics  in 
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surface  soil  and  subsurface  soil,  respectively. 

Soil  samples  were  analyzed  for  metals  using  Method  IM40  and  for  inorganics  using  Methods 
353.2M  (nitrate/nitrite),  350.2M  (ammonia  nitrogen),  and  365.2  (phosphorus  as  P04).  All  metals 
and  inorganic  compounds  except  boron,  cadmium,  molybdenum,  silver,  sodium,  and  thallium  were 
detected  in  at  least  one  surface  soil  sample,  and  all  metals  and  inorganic  compounds  except  boron, 
cadmium,  molybdenum,  silver,  and  sodium  were  detected  in  at  least  one  subsurface  soil  sample. 

The  soil  samples  were  analyzed  for  SVOCs  using  Method  OC2 IB.  Chrysene  and  phenanthrene  were 
detected  in  one  of  21  surface  soil  samples.  Other  detected  compounds  in  surface  soil  included 
fluoranthene  (four  of  21  samples),  and  pyrene  (six  of  21  samples). 

A  total  of  21  pesticide  compounds  and  seven  polychlorinated  biphenyls  (PCB)  were  analyzed  for 
in  soil  using  Method  OL21P.  The  soil  samples  were  also  analyzed  for  16  herbicides  using  EPA 
Method  8151.  2,4,5-T,  endosulfan  sulfate,  heptachlor,  MCPP,  and  silvex  were  detected  in  one  out 
of  21  surface  soil  samples.  Other  detected  compounds  in  surface  soil  included  DDE  (detected  in  15 
of  21  samples),  DDT  (detected  in  19  of  21  samples),  dicamba  (detected  in  two  of  21  samples),  and 
MCPA  (detected  in  19  of  21  samples).  In  subsurface  soil,  MCPP  was  detected  in  one  of  20  samples. 
DDT  was  detected  in  five  of  20  samples. 

F.3.2    Calculation  of  Background  Soil  Upper  Tolerance  Limits 

In  developing  the  Comprehensive  Plan  for  IRP  activities  it  was  specified  that  tolerance  limits  would 
only  be  calculated  for  soil  constituents  if  they  were  detected  in  at  least  71%  of  the  background 
samples  (ABB,  1992).  It  is  unclear  why  this  particular  frequency  of  detection  was  selected,  but  it 
was  used  as  a  preliminary  screen  for  evaluating  the  present  data  set  as  well. 

The  frequency  of  detection  of  analytes  in  surface  and  subsurface  soil  is  presented  in  Tables  F-l  and 
F-2,  respectively.  It  can  be  seen  that  18  inorganic  compounds  and  3  organic  compounds  were 
detected  above  the  required  71%  frequency  in  surface  soil.  In  subsurface  soil,  18  inorganic 
compounds  were  detected  with  a  frequency  of  greater  than  71%.  Concentration  data  for  these 
compounds  are  reported  on  a  sample  by  sample  basis  in  Tables  F-3  and  F-4  for  surface  soil  and 
subsurface  soil,  respectively.  Samples  ending  with  a  "D"  (e.g.  BxxxxD)  indicate  a  duplicate  sample. 


( 
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For  the  purposes  of  calculating  tolerance  limits,  locations  where  duplicate  samples  were  collected 
were  assumed  to  be  represented  by  a  concentration  equal  to  the  average  of  the  original  and  the 
duplicate  sample  concentrations. 

The  results  of  the  outlier  evaluation  in  surface  soil  indicate  that  for  eight  compounds  (aluminum, 
arsenic,  calcium,  iron,  lead,  MCPA,  phosphate,  and  vanadium),  no  outliers  were  identified.  For  an 
additional  five  compounds  (beryllium,  DDE,  DDT,  magnesium,  and  nickel),  an  outlier  was  identified 
using  the  untransformed  data,  but  no  outliers  were  identified  using  the  transformed  data.  Because 
a  lognormal  distribution  fit  these  datasets  better  than  a  normal  distribution,  it  was  determined  that 
no  outliers  were  identified  and  the  data  were  not  eliminated.  Similarly,  for  copper,  an  outlier  was 
identified  using  the  transformed  data  only,  but  a  normal  distribution  fit  the  data  better  than  a 
lognormal  distribution.  Therefore,  the  datum  was  not  eliminated. 

For  seven  compounds  in  surface  soil  (barium,  cobalt,  manganese,  nitrate,  ammonia,  potassium,  and 
zinc),  outliers  were  identified  using  both  the  untransformed  and  transformed  data  sets.  For  five  of 
these  compounds  (barium,  cobalt,  manganese,  potassium,  and  zinc),  the  entire  datasets  (including 
outliers)  appeared  to  be  lognormally  distributed.  However,  when  outliers  were  eliminated,  a  normal 
distribution  fit  the  data  better  than  a  lognormal  distribution.  In  these  five  cases,  tolerance  limits  were 
calculated  using  the  revised  datasets  (i.e.,  with  outliers  omitted). 

For  nitrate  and  ammonia,  one  data  point  was  identified  as  an  outlier  using  the  untransformed  dataset, 
and  a  different  data  point  was  identified  as  an  outlier  using  the  transformed  dataset.  For  these 
compounds,  no  distribution  could  be  reliably  fit  to  the  data.  Therefore,  the  entire  dataset  was 
retained  for  each  compound,  and  the  tolerance  limits  for  nitrate  and  ammonia  were  calculated  under 
the  assumption  that  the  data  were  normally  distributed. 

For  chromium,  an  outlier  was  identified  using  the  untransformed  data  but  not  the  transformed  data. 
A  normal  distribution  was  found  to  provide  a  better  fit  to  the  chromium  dataset  than  a  lognormal 
distribution,  both  when  the  potential  outlier  was  retained  and  when  it  was  eliminated.  Therefore,  the 
tolerance  limit  for  chromium  was  calculated  with  the  outlier  omitted. 

The  results  of  the  outlier  evaluation  in  subsurface  soil  indicated  that  for  14  compounds,  no  outliers 
were  identified  using  either  the  untransformed  data  or  the  transformed  data.  For  two  compounds 
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(nickel  and  potassium),  an  outlier  was  identified  using  the  untransformed  data,  but  no  outliers  were 
identified  using  the  transformed  data.  Because  a  lognormal  distribution  fit  these  datasets  better  than 
a  normal  distribution,  the  outliers  were  not  eliminated. 

For  zinc,  the  results  from  one  sample  were  eliminated  from  the  dataset  because  the  original  sample 
result  (10.8  mg/kg)  differed  substantially  from  the  corresponding  duplicate  result  (175  mg/kg). 
Additionally,  one  outlier  was  identified  using  both  the  untransformed  and  the  transformed  datasets. 
The  dataset  including  the  outlier  appeared  to  be  lognormally  distributed.  However,  when  the  outlier 
was  eliminated,  a  normal  distribution  fit  the  data  better  than  a  lognormal  distribution.  Therefore,  the 
tolerance  limit  for  zinc  in  subsurface  soil  was  calculated  omitting  the  outlier. 

Tables  F-5  and  F-6  provide  the  results  of  distribution  tests  for  analytes  in  surface  and  subsurface 
soil,  respectively,  following  elimination  of  outliers.  As  shown  in  Table  F-5,  the  probability  plot 
and  Kolmogorov-Smirnov  fit  tests  indicated  for  14  of  the  22  data  sets,  a  normal  distribution 
provided  a  better  fit  to  the  data  than  a  lognormal  distribution.  These  14  data  sets  were  assumed 
to  be  represented  by  a  normal  distribution.  For  an  additional  seven  data  sets,  a  lognormal 
distribution  was  a  better  fit  than  a  normal  distribution.  These  seven  data  sets  were  assumed  to  be 
represented  by  a  lognormal  distribution.  For  the  remaining  data  set,  neither  a  normal  nor  a 
lognormal  distribution  was  found  to  fit  the  data  well.  In  this  case,  a  normal  distribution  was 
assumed  for  the  purposes  of  calculating  a  tolerance  limit. 

As  shown  in  Table  F-6,  the  probability  plot  and  Kolmogorov-Smirnov  fit  tests  indicated  for  nine  of 
the  1 8  datasets,  a  normal  distribution  provided  a  bitter  fit  to  the  data  than  a  lognormal  distribution. 
These  nine  datasets  were  assumed  to  be  represented  by  a  normal  distribution.  For  an  additional  eight 
datasets,  a  lognormal  distribution  was  a  better  fit  than  a  normal  distribution.  These  seven  datasets 
were  assumed  to  be  represented  by  a  lognormal  distribution.  For  the  remaining  dataset,  neither  a 
normal  nor  a  lognormal  distribution  was  found  to  fit  the  data  well.  In  this  case,  a  normal  distribution 
was  assumed  for  the  purposes  of  calculating  a  tolerance  limit. 

The  calculated  background  benchmarks  are  shown  in  Tables  F-5  and  F-6,  for  surface  and 
subsurface  soil,  respectively. 

It  is  of  interest  to  compare  background  benchmark  concentrations  reported  in  the  MMR  Risk 
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Handbook  to  those  calculated  here,  as  the  MMR  Risk  Handbook  benchmarks  were  derived  from 
independent  data,  but  were,  at  least  theoretically,  taken  from  the  same  background  population. 
Table  F-7  shows  a  comparison  of  IAGS  benchmark  concentrations  to  those  published  in  the  MMR 
Risk  Handbook  as  well  as  common  ranges  seen  in  soils. 

The  MMR  Risk  Handbook  concentration  data  are  from  Table  E-l  of  the  MMR  Risk  Handbook 
and  relate  to  samples  taken  from  zero  to  two  feet,  a  horizon  that  encompasses  both  the  surface  and 
subsurface  categories  of  the  present  study.  The  MMR  Risk  Handbook  contains  benchmarks  for 
only  metals  and  cyanide,  while  the  present  data  includes  certain  organic  compounds  and  several 
inorganic  parameters  other  than  metals.  Of  the  16  metals  detected  at  a  frequency  greater  than  71  % 
in  the  present  study,  the  MMR  Risk  Handbook  reports  a  frequency  of  detection  below  the  required 
71%  for  five  metals  (beryllium,  cobalt,  copper,  nickel,  and  potassium).  Of  the  11  metal 
benchmarks  that  meet  the  frequency  of  detection  criteria  in  the  MMR  Risk  Handbook  and  are 
common  to  both  data  sets,  the  estimated  values  from  the  MMR  Risk  Handbook  and  the  present 
data  are  within  a  factor  of  three  for  all  compounds  and  within  a  factor  of  two  for  all  but  one  of  the 
22  total  comparisons  (the  exception  is  the  subsurface  chromium  benchmark).  There  is  no  trend 
in  the  deviation  (i.e.,  the  MMR  Risk  Handbook  benchmark  is  higher  in  some  cases  and  the  IAGS 
benchmark  is  higher  in  others).  This  suggest  that  the  data  are  reasonably  comparable. 
Additionally,  the  results  for  the  mean  background  level  and  calculated  upper  tolerance  limit  were 
compared  with  common  surface  soil  ranges  in  the  literature  (Kabata-Pendias  and  Pendias,  1984; 
Lindsay,  1979;  and  Taylor,  1964).  The  IAGS  data  compare  favorably,  and  the  concentrations  of 
metals  present  in  background  surface  soil  tend  to  be  on  the  lower  end  of  the  concentration  ranges 
presented  in  the  literature.  As  a  consequence  of  the  very  low  background  metal  concentrations 
the  derived  tolerance  limits  are  also  very  low. 

F.4      Background  Groundwater  Samples 

Background  groundwater  sampling  locations  were  selected  with  the  understanding  they  have  not 
been  impacted  by  the  MMR  Impact  Area  or  Training  Ranges,  although  they  may  have  been 
affected  by  anthropogenic  sources  at  Cape  Cod.  Historical  activities  at  or  near  the  MMR  site  not 
related  to  military  activities,  such  as  ubiquitous  and  consistently  present  non-point  sources  related, 
for  instance,  to  road  deicing,  pesticide/herbicide  application,  or  agriculture  practices,  are  included 
in  background  samples. 
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The  20  monitoring  wells  selected  for  background  sampling  are  within  or  around  the  MMR  facility 
but  outside  of  the  Impact  Area  and  Training  Ranges.  All  of  the  monitoring  wells  selected  to  be 
sampled  appear  to  be  unimpacted  by  MMR  activities  and  are  outside  of  known  source  areas  and 
groundwater  plumes.  Additionally,  historical  data  for  these  monitoring  wells,  mainly  metal  and 
VOC  results,  indicate  the  absence  of  IRP  contaminants.  The  background  monitoring  wells  include 
the  Long  Range  Water  Supply  Wells  located  on  the  perimeter  of  the  MMR  facility  and  include 
wells  LRWS-1-2,  LRWS-3-1,  LRWS-4-1,  LRWS-5-1,  LRWS-6-1,  LRWS-7-1,  LRWS-8-2,  and 
LRWS-10-1.  Six  wells  from  within  MMR  have  been  selected  as  background  wells:  90MW0054 
(FS-12),  03MW0604A  and  03MW0060  (CS-10),  28MW0106  (W.  Aquafarm),  and  USFW228040 
and  USFW241098  (CS-4).  Each  of  these  wells  is  situated  up-gradient  or  cross-gradient  to  known 
groundwater  plumes.  Analytical  data  for  each  of  these  wells  indicate  no  contaminants  are  present 
(Parker,  1997).  Additional  wells  identified  for  background  sampling  include  BB-703  and  USGS 
BHW2 15083  (located  west  of  the  Impact  Area  and  Training  Ranges),  USGS  SD263111  and  USGS 
SD261160  (located  north  of  the  Impact  Area  and  Training  Ranges),  and  RW-1  and  RW-3  (installed 
at  the  proposed  Correctional  Facility).  All  of  these  wells  appear  to  be  outside  of  known 
contaminated  areas  or  plumes  and  were  expected  to  provide  a  good  representation  of  background 
conditions. 

F.  4. 1   Analytical  Results 

Groundwater  samples  were  analyzed  for  metals  using  Method  IM40  and  for  inorganics  using 
Methods  130.2  (hardness,  as  CaC03),  300.0  (chloride  and  sulfate),  310.0  (alkalinity),  353.2 
(nitrate/nitrite),  350.2  (ammonia  nitrogen),  and  365.2  (phosphorus  as  P04).  All  of  the  metals 
were  detected  in  the  background  groundwater  samples,  except  for  silver  and  thallium.  The  field 
parameter  results  such  as  pH,  Eh,  and  dissolved  oxygen  indicate  aerobic  conditions  at  most 
background  well  locations. 

Background  groundwater  samples  were  analyzed  using  EPA  Method  8330  for  explosives.  No 
explosive  compounds  were  detected  in  samples  from  any  of  the  background  sampling  locations. 

Background  groundwater  samples  were  analyzed  for  VOC  using  Method  OC21V.  Chloroform 
was  the  only  VOC  detected  in  the  background  groundwater  samples.  Thirteen  out  of  17  samples 
(76%)  had  detectable  levels  of  chloroform.     As  discussed  in  Section  4.4.6  of  the  report, 
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chloroform  has  been  documented  in  groundwater  throughout  the  Upper  Cape. 

Background  groundwater  samples  were  analyzed  for  SVOC  using  Method  OC21B.  The  only 
SVOC  detected  in  the  background  groundwater  samples  was  bis  (2-ethylhexyl)  phthalate  (BEHP). 
Of  18  background  groundwater  samples,  BEHP  was  detected  in  10  samples  (56%).  As  discussed 
in  Section  4.4.7  of  the  report,  the  detection  of  BEHP  is  believed  to  be  the  result  of  laboratory 
contamination. 

Background  groundwater  samples  were  analyzed  for  pesticides  using  Method  OC21P  and 
herbicides  using  Method  8151.  The  only  pesticide  detected  in  the  background  groundwater 
samples  was  MCPP  in  monitoring  well  LRWS8-2  at  a  level  of  230  ug/L.  Well  LRWS8-2  is 
screened  from  60  to  75  ft  below  the  water  table.  Dieldrin  was  the  only  herbicide  detected  in  any 
background  groundwater  samples.  It  was  found  in  monitoring  well  USGSBHW2 15083  at  a  level 
of  0.01  ug/L.     The  screen  depth  of  this  well  is  unknown. 

FA.  2    Calculation  of  Background  Groundwater  Upper  Tolerance  Limits 

In  developing  the  Comprehensive  Plan  for  IRP  activities  it  was  specified  that  tolerance  limits 
would  only  be  calculated  for  groundwater  constituents  if  they  were  detected  in  at  least  85  %  of  the 
background  samples  (ABB,  1992).  It  is  unclear  why  this  particular  frequency  of  detection  was 
selected,  but  it  was  used  as  a  preliminary  screen  for  evaluating  the  present  data  set  as  well. 

The  frequency  of  detection  of  analytes  in  groundwater  is  presented  in  Table  F-8.  It  can  be  seen 
that  nine  compounds  were  detected  above  the  required  85%  frequency.  In  addition  to  those 
compounds  that  were  detected  in  at  least  85%  of  background  groundwater  samples,  tolerance  limits 
were  also  calculated  for  chloroform  (detected  in  76%  of  background  groundwater  samples)  and 
potassium  (detected  in  69%  of  background  groundwater  samples). 

Chloroform  and  potassium  were  included  in  the  background  evaluation  because  the  frequencies  of 
detection  in  background  locations  (while  less  than  the  85%  criterion  used  in  previous  studies)  are 
high  enough  to  provide  a  meaningful  comparison  to  site  data  and  the  compounds  appear  to  be 
frequently  detected  in  samples  in  the  Impact  Area  and  Training  Ranges.  On  the  other  hand,  bis  (2- 
ethylhexyl)  phthalate  (BEHP)  was  not  included  in  the  background  evaluation.    As  described  in 
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section  4.4.7  of  the  report,  the  detection  of  BEHP  is  believed  to  be  the  result  of  laboratory 
contamination.  Consequently,  a  comparison  of  background  and  site  concentrations  would  yield  no 
meaningful  information.  Groundwater  tolerance  limits  were  therefore  calculated  for  a  total  often 
compounds. 

Zinc  was  detected  in  1 2  of  1 6  background  groundwater  samples,  and  iron  was  detected  in  1 1  of  1 6 
background  groundwater  samples.  Close  examination  of  the  zinc  and  iron  data  revealed  that  the 
concentrations  of  these  two  compounds  in  long  range  water  supply  wells  ("WL"  series  wells) 
differed  substantially  from  concentrations  in  the  remaining  background  groundwater  wells.  It  is 
notable  that  the  long  range  water  supply  wells  are  constructed  of  galvanized  steel,  which  may  result 
in  the  higher  concentrations  in  groundwater  samples  from  these  wells,  as  compared  to  wells 
constructed  of  PVC.  Because  the  zinc  and  iron  detected  in  groundwater  from  long  range  water 
supply  wells  is  not  likely  representative  of  background  conditions,  data  from  these  wells  was  omitted 
from  the  background  evaluation  for  these  two  compounds.  Among  the  remaining  PVC-construction 
background  wells,  zinc  was  detected  in  four  of  eight  wells,  and  iron  was  detected  in  three  of  eight 
wells.  These  frequencies  of  detection  were  not  considered  sufficiently  high  to  support  calculation 
of  tolerance  limits.  For  this  reason,  tolerance  limits  in  background  groundwater  were  not  calculated 
for  zinc  and  iron. 

Concentration  data  for  these  compounds  are  reported  on  a  sample  by  sample  basis  in  Table  F-9. 

The  results  of  the  outlier  evaluation  of  background  groundwater  data  indicate  that  for  three 
compounds  (chloroform,  manganese,  and  nitrate),  no  outliers  were  present.  For  two  additional 
compounds  (phosphate  and  potassium)  an  outlier  was  identified  using  the  untransformed  data,  but 
no  outliers  were  identified  using  the  transformed  data.  Because  a  lognormal  distribution  fit  these 
datasets  better  than  a  normal  distribution,  the  data  were  not  eliminated.  Similarly,  for  sulfate,  an 
outlier  was  identified  using  the  transformed  data  only,  but  a  normal  distrubution  fit  the  data  better 
than  a  lognormal  distribution.  Therefore,  the  datum  was  not  eliminated. 

For  two  compounds  in  surface  soil  (calcium  and  magnesium),  outliers  were  identified  using  both  the 
untransformed  and  transformed  data  sets.  For  both  compounds,  the  entire  datasets  (including 
outliers)  appeared  to  be  lognormally  distributed.  When  outliers  were  eliminated,  a  normal 
distribution  fit  the  data  better  than  a  lognormal  distribution  for  calcium,  while  a  lognormal 
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distribution  remained  more  appropriate  for  magnesium.  In  these  two  cases,  tolerance  limits  were 
calculated  using  the  revised  datasets  (i.e.,  with  outliers  omitted). 

No  distribution  could  be  fit  for  chloride  and  sodium  datasets.  For  both  compounds,  outliers  were 
identified  using  both  the  untransformed  and  transformed  datasets.  For  chloride,  when  outliers  were 
eliminated,  a  lognormal  distribution  fit  the  data  better  than  a  normal  distribution.  The  tolerance  limit 
for  chloride  was  calculated  omitting  the  outliers.  For  sodium,  no  distribution  could  be  identified 
even  when  the  outlier  was  eliminated.  Because  the  same  data  point  was  identified  as  an  outlier  using 
both  untransformed  and  transformed  datasets,  this  data  point  was  omitted  from  the  tolerance  limit 
calculation. 


The  results  of  distribution  tests  performed  on  background  groundwater  data  sets  are  shown  in 
Table  F-10.  As  shown  in  the  table,  for  three  data  sets,  a  normal  distribution  provided  a  better  fit 
to  the  data  than  a  lognormal  distribution.  These  three  data  sets  were  assumed  to  be  represented 
by  a  normal  distribution.  For  an  additional  five  data  sets,  a  lognormal  distribution  was  a  better 
fit  than  a  normal  distribution.  These  five  data  sets  were  assumed  to  be  represented  by  a  lognormal 
distribution.  For  the  remaining  two  data  sets,  neither  a  normal  nor  a  lognormal  distribution  was 
found  to  fit  the  data  well.  In  these  cases,  a  normal  distribution  was  assumed  for  the  purposes  of 
calculating  a  tolerance  limit.   The  calculated  background  benchmarks  are  shown  in  Table  F-10. 

It  is  of  interest  to  compare  background  benchmark  concentrations  reported  in  the  MMR  Risk 
Handbook  to  those  calculated  here  as  was  done  for  soil.  Table  F-ll  shows  a  comparison  of  I  AGS 
benchmark  concentrations  to  those  published  in  the  MMR  Risk  Handbook.  The  MMR  Risk 
Handbook  concentration  data  are  from  Table  E-3  of  the  MMR  Risk  Handbook.  Of  the  eight 
metals  and  inorganics  detected  at  a  frequency  greater  than  85%  in  the  present  study,  data  are  not 
reported  for  four  inorganic  parameters.  Of  the  four  metal  benchmarks  that  meet  the  frequency  of 
detection  criteria  in  the  MMR  Risk  Handbook  and  are  common  to  both  data  sets  (calcium, 
magnesium,  manganese,  and  sodium),  the  estimated  upper  tolerance  limits  from  the  MMR  Risk 
Handbook  and  the  present  data  are  within  about  a  factor  of  four  for  all  compounds.  In  all  four 
cases,  the  MMR  Risk  Handbook  benchmark  is  higher  than  the  benchmark  calculated  during  the 
present  study. 

F.5      Background  Surface  Water  and  Sediment  Samples  (Areas  32,  39,  40,  and  43) 
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Background  surface  water  and  sediment  samples  were  collected  from  Raccoon  Swamp  (Area  32), 
Great  Pond  (Area  39),  Doughnut  Pond  (Area  40),  and  Upper  Pond  (Area  43).  Three  of  the  four 
surface  water  bodies  are  outside  the  MMR  boundary.  Raccoon  Swamp  is  located  south  of 
Highway  Route  6  near  the  Shawme-Crowell  State  Forest  and  within  the  MMR  site  but  north  of 
the  Impact  Area  and  Training  Ranges.  Doughnut  Pond  is  located  northeast  of  MMR  and 
northwest  of  the  interchange  of  Highway  Route  6  and  Sandwich  Cotuit  Road.  Great  Pond  is 
located  west  of  MMR  between  Highway  Route  28  and  Canal  view  Road.  Upper  Pond  is  located 
west  of  MMR  and  Highway  Route  28,  in  the  Four  Ponds  Conservation  Area  in  Bourne.  A  total 
of  21  surface  water  and  sediment  samples  (including  one  duplicate  sample)  were  collected  from 
the  four  background  surface  water  bodies. 

F.  5. 1   Analytical  Results 

The  compounds  detected  and  the  frequencies  of  detection  for  surface  water  and  sediment  are  listed 
in  Tables  F-12  and  F-15,  respectively. 

The  majority  of  metals  and  inorganics  were  detected  in  the  background  surface  water  and  sediment 
samples.  The  metals  and  inorganics  not  detected  in  surface  water  include:  cobalt,  cyanide, 
mercury,  and  selenium.  The  metals  not  detected  in  sediment  include:  boron,  silver,  and  sodium. 

Although  analysis  for  explosives  was  not  planned  for  background  surface  water  and  sediment 
samples,  analyses  for  explosives  are  available  from  certain  background  locations  (Areas  32  and 
43).  No  explosive  compounds  were  detected  in  these  background  samples. 

Although  analysis  for  VOCs  was  not  planned  for  background  surface  water  and  sediment  samples, 
analyses  for  VOCs  are  available  from  certain  background  locations  (Areas  32  and  43).  These 
samples  were  analyzed  for  VOC  using  Method  OC21V.  No  VOCs  were  detected  in  background 
surface  water  or  sediment  samples. 

Background  surface  water  and  sediment  samples  were  analyzed  for  SVOC  using  Method  OC21B. 
The  only  SVOC  detected  in  background  surface  water  was  BEHP,  detected  once  in  a  sample  from 
Doughnut  Pond.  The  SVOCs  detected  in  background  sediment  include  several  constituents 
detected  in  one  of  18  samples  (2-methylphenol,  4-methylphenol,  acenapthene,  anthracene, 
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benzo(a)anthracene,         benzo(a)pyrene,         benzo(b)fluoranthene,         benzo(g,h,i)perylene, 
benzo(k)fluoranthene,  chrysene,  fluorene,  indeno(l,2,3-c,d)pyrene,  phenanthrene,  and  pyrene). 
Additionally,  BEHP  was  detected  in  four  of  18  samples,  and  fluoranthene  was  detected  in  two  of 
19  samples.  The  majority  of  SVOC  detects  occurred  in  a  single  sample  (PD43AA)  collected  from 
Upper  Pond.  The  detect  of  2-methylphenol  occurred  in  a  sample  collected  from  Doughnut  Pond. 

The  majority  of  pesticide  and  herbicide  detects  occurred  in  samples  from  Doughnut  Pond.  The 
pesticides  detected  in  background  sediment  include:  aldrin  (detected  in  one  of  18  samples), 
4,4-DDD  (detected  in  four  of  18  samples),  4,4-DDE  (detected  in  seven  of  18  samples), 
4,4-DDT  (detected  in  three  of  18  samples),  and  dieldrin  (detected  in  eight  of  18  samples).  Six 
pesticides  (aldrin,  alpha-chlordane,  4,4-DDD,  4,4-DDE,  4,4-DDT,  and  endrin  aldehyde)  were 
detected  in  one  of  20  background  surface  water  samples.  All  pesticides  except  alpha-chlordane 
were  detected  in  a  sample  collected  from  Racoon  Swamp.  PCB-1260  was  detected  in  two  of  20 
surface  water  samples  collected  from  Racoon  Swamp  and  Great  Pond. 

MCPA  was  detected  in  eight  of  19  background  sediment  samples,  with  at  least  one  detect  in  each 
water  body.  MCPP  was  detected  in  one  of  18  sediment  background  samples.  MCPA 
concentrations  up  to  17,000  ug/kg  were  observed.  2,4-DB  (at  1.1  ug/L)  and  MCPP  (at  150  ug/L) 
were  detected  in  one  background  surface  water  sample  collected  from  Doughnut  Pond. 

F.5.2    Calculation  of  Background  Surface  Water  and  Sediment  Upper  Tolerance  Limits 

In  developing  the  Comprehensive  Plan  for  IRP  activities,  tolerance  limits  were  not  developed  for 
constituents  in  surface  water  and  sediment  samples  (ABB,  1992).  Minimum  frequencies  of 
detection  for  development  of  tolerance  limits  in  background  surface  water  and  sediment  samples 
collected  during  the  present  study  were  therefore  established  using  professional  judgement. 

A  total  of  13  compounds  had  a  frequency  of  detection  in  background  sediment  samples  of  between 
74%  and  100%,  while  the  remaining  compounds  were  detected  between  0%  and  47%  of  the  time. 
Absent  a  minimum  frequency  of  detection  employed  in  the  MMR  Risk  Handbook  for  calculating 
tolerance  limits  in  background  sediment,  tolerance  limits  were  calculated  for  the  13  compounds 
detected  in  at  least  74%  of  background  sediment  samples.  The  frequency  of  detection  of  analytes 
in  sediment  is  presented  in  Table  F-12.  Concentration  data  for  these  compounds  are  reported  on 
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a  sample  by  sample  basis  in  Table  F-13. 

The  results  of  the  outlier  evaluation  in  sediment  background  data  indicates  that  for  two  compounds 
(copper  and  nitrate),  no  outliers  were  identified.  For  an  additional  nine  compounds  (aluminum, 
calcium,  chromium,  iron,  lead,  magnesium,  ammonia,  phosphate,  and  vanadium),  outliers  were 
identified  using  the  untransformed  data,  but  no  outliers  were  identified  using  the  transformed  data. 
Because  a  lognormal  distribution  fit  these  datasets  better  than  a  normal  distribution,  the  data  were 
not  eliminated. 

For  barium,  outliers  were  identified  using  the  untransformed  data  only.  A  normal  distribution  fit  the 
dataset  better  than  a  lognormal  distribution.  However,  when  the  potential  outliers  were  eliminated, 
no  distribution  was  found  to  fit  the  dataset  well.  In  this  case,  no  potential  outliers  were  omitted,  and 
tolerance  limits  were  calculated  assuming  the  data  were  normally  distributed. 

For  manganese,  two  potential  outliers  were  identified  using  the  untransformed  dataset,  and  one 
potential  outlier  was  identified  using  the  transformed  dataset.  A  lognormal  distribution  fit  the  data 
better  than  a  normal  distribution.  When  the  transformed  dataset  outlier  was  eliminated,  a  lognormal 
distribution  continued  to  fit  the  data  better  than  a  normal  distribution.  The  tolerance  limit  was 
calculated  omitting  this  outlier. 

The  results  of  distribution  tests  performed  on  sediment  data  sets  are  shown  in  Table  F-14.  As 
shown  in  Table  F-14,  for  11  of  the  13  data  sets,  a  lognormal  distribution  was  a  better  fit  than  a 
normal  distribution.  These  11  data  sets  were  assumed  to  be  represented  by  a  lognormal 
distribution.  For  one  dataset,  a  normal  distribution  was  a  better  fit  than  a  lognormal  distribution. 
This  dataset  was  assumed  to  be  represented  by  a  normal  distribution.  For  the  remaining  data  set, 
neither  a  normal  nor  a  lognormal  distribution  was  found  to  fit  the  data  well.  In  this  case,  a  normal 
distribution  was  assumed  for  the  purposes  of  calculating  a  tolerance  limit.  The  calculated 
background  benchmarks  are  shown  in  Table  F-14. 

A  total  of  13  compounds  had  a  frequency  of  detection  in  background  surface  water  samples  of 
between  80%  and  100%,  while  the  remaining  compounds  were  detected  between  0%  and  50%  of 
the  time.  Upper  tolerance  limits  were  calculated  for  the  13  compounds  detected  in  more  than  80% 
of  background  surface  water  samples.   The  frequency  of  detection  of  analytes  in  surface  water  is 
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presented  in  Table  F-15.  Concentration  data  for  these  compounds  are  reported  on  a  sample  by 
sample  basis  in  Table  F-16. 

While  evaluating  the  background  surface  water  datasets  for  potential  outliers,  it  became  apparent 
that,  for  many  of  the  frequently  detected  compounds,  concentrations  within  a  pond  were  similar,  but 
were  quite  different  from  concentrations  in  another  pond.  For  example,  a  rank-ordered  list  of 
chloride  concentrations  in  background  surface  water  shows  that  the  concentrations  in  Areas  32  and 
39  cluster  together  at  the  low  end  of  the  range,  with  concentrations  in  Area  40  in  the  middle  of  the 
range,  and  concentrations  in  Area  43  at  the  upper  end  of  the  range.  On  the  other  hand,  a  rank  order 
of  manganese  concentrations  shows  Area  43  concentrations  at  the  low  end,  Area  39  concentrations 
in  the  middle,  and  concentrations  in  areas  40  and  32  at  the  upper  end. 

This  finding  has  important  implications  for  determining  background  benchmark  concentrations.  It 
appears  that  for  many  compounds,  a  separate  population  of  concentrations  may  exist  in  each  of  the 
four  ponds.  In  such  cases,  it  may  not  be  possible  to  identify  a  single  statistically  significant 
distribution  that  describes  the  entire  background  dataset.  In  fact,  out  of  the  13  frequently  detected 
compounds  in  surface  water,  six  compounds  could  not  be  characterized  as  either  a  normal  or  a 
lognormal  distribution.  Visual  inspection  of  the  normal  probability  plots  strongly  suggests  that  these 
datasets  are  actually  comprised  of  at  least  two  distinct  populations.  Consequently,  because  many 
datasets  could  not  be  characterized  as  a  single  population,  an  evaluation  of  potential  outliers  would 
be  inappropriate.  In  addition,  it  is  possible  that  site  surface  waters  (unaffected  by  site  activities)  may 
be  similar  to  any  one  of  the  background  ponds.  Therefore,  for  the  purposes  of  identifying  whether 
site  conditions  are  consistent  with  background  conditions,  it  will  be  necessary  to  include  all  known 
background  conditions  in  the  evaluation. 

Given  these  circumstances,  outlier  testing  was  not  conducted  on  background  surface  water  datasets. 
For  the  purposes  of  calculating  background  benchmark  concentrations,  the  data  from  all  four 
background  surface  water  areas  were  pooled,  and  tolerance  limits  were  calculated  in  a  manner 
identical  to  the  approach  used  for  other  background  media.  When  a  statistically  significant 
distribution  could  be  identified  from  the  pooled  dataset,  tolerance  limits  were  calculated  assuming 
this  distribution.  When  neither  a  normal  nor  a  lognormal  distribution  fit  the  data  well,  a  tolerance 
limit  was  calculated  assuming  a  normal  distribution. 
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The  results  of  distribution  tests  performed  on  surface  water  data  sets  are  shown  in  Table  F-17.  As 
shown  in  Table  F-17,  for  four  of  the  13  data  sets,  a  normal  distribution  was  a  better  fit  than  a 
lognormal  distribution.  These  four  data  sets  were  assumed  to  be  represented  by  a  normal 
distribution.  For  three  of  the  13  data  sets,  a  lognormal  distribution  was  a  better  fit  than  a  normal 
distribution.  These  three  data  sets  were  assumed  to  be  represented  by  a  lognormal  distribution. 
For  the  remaining  six  data  sets,  neither  a  normal  nor  a  lognormal  distribution  was  found  to  fit  the 
data  well.  In  these  cases,  a  normal  distribution  was  assumed  for  the  purposes  of  calculating  a 
tolerance  limit.   The  calculated  background  benchmarks  are  shown  in  Table  F-17. 

While  it  is  important  to  remember  that  comparison  of  site  concentrations  to  background  upper 
tolerance  limit  benchmark  concentrations  represents  a  screening  approach  for  all  media,  this  is 
particularly  true  for  surface  water,  where  "background"  conditions  may  be  comprised  of  multiple 
distinct  populations.  Other  statistical  approaches  that  compare  the  entire  background  dataset  to  the 
entire  site  dataset  (or  area  dataset)  are  likely  to  be  more  robust  that  the  simple  comparison  approach. 


' 


'•■ 
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TABLE  F-l 

Frequency  of  Detection  in  Background  Surface  Soil  Samples 


Total 

Calculate 

ANALYTE 

#  Detects 

#  Non-Detects 

Samples 

%  Detects 

UTL? 

2,4,5-T 

1 

20 

21 

5% 

No 

ALUMINUM 

21 

0 

21 

100% 

Yes 

ANTIMONY 

1 

20 

21 

5% 

No 

ARSENIC 

14 

7 

21 

67% 

No 

BARIUM 

21 

0 

21 

100% 

Yes 

BERYLLIUM 

12 

9 

21 

57% 

No 

CALCIUM 

21 

0 

21 

100% 

Yes 

CHROMIUM,  TOTAL 

21 

0 

21 

100% 

Yes 

CHRYSENE 

1 

20 

21 

5% 

No 

COBALT 

18 

3 

21 

86% 

Yes 

COPPER 

20 

1 

21 

95% 

Yes 

DDE 

15 

6 

21 

71% 

Yes 

DDT 

19 

2 

21 

90% 

Yes 

DICAMBA 

2 

19 

21 

10% 

No 

ENDOSULFAN  SULFATE 

1 

20 

21 

5% 

No 

FLUORANTHENE 

4 

17 

21 

19% 

No 

HEPTACHLOR 

1 

20 

21 

5% 

No 

IRON 

21 

0 

21 

100% 

Yes 

LEAD 

21 

0 

21 

100% 

Yes 

MAGNESIUM 

21 

0 

21 

100% 

Yes 

MANGANESE 

21 

0 

21 

100% 

Yes 

MCPA 

19 

2 

21 

90% 

Yes 

MCPP 

1 

20 

21 

5% 

No 

MERCURY 

2 

19 

21 

10% 

No 

NICKEL 

20 

1 

21 

95% 

Yes 

NITRATE/NITRITE  (AS  N) 

21 

0 

21 

100% 

Yes 

NITROGEN,  AMMONIA  (AS  N) 

21 

0 

21 

100% 

Yes 

PHENANTHRENE 

1 

20 

21 

5% 

No 

PHOSPHORUS,  TOTAL  ORTHOPHOSPHATE  (AS  P04) 

21 

0 

21 

100% 

Yes 

POTASSIUM 

20 

1 

21 

95% 

Yes 

PYRENE 

6 

15 

21 

29% 

No 

SELENIUM 

3 

18 

21 

14% 

No 

SILVEX  (2,4,5-TP) 

1 

20 

21 

5% 

No 

VANADIUM 

21 

0 

21 

100% 

Yes 

ZINC 

20 

1 

21 

95% 

Yes 

UTL  -  Upper  tolerance  limit. 


TABLE  F-2 

Frequency  of  Detection  in  Background  Subsurface  Soil  Samples 


#  Non- 

Total 

Calculate 

ANALYTE 

#  Detects 

Detects 

Samples 

%  Detect 

UTL? 

ALUMINUM 

20 

0 

20 

100% 

Yes 

ANTIMONY 

6 

14 

20 

30% 

No 

ARSENIC 

15 

5 

20 

75% 

Yes 

BARIUM 

20 

0 

20 

100% 

Yes 

BERYLLIUM 

20 

0 

20 

100% 

Yes 

CALCIUM 

20 

0 

20 

100% 

Yes 

CHROMIUM,  TOTAL 

20 

0 

20 

100% 

Yes 

COBALT 

20 

0 

20 

100% 

Yes 

COPPER 

20 

0 

20 

100% 

Yes 

DDT 

5 

15 

20 

25% 

No 

IRON 

20 

0 

20 

100% 

Yes 

LEAD 

20 

0 

20 

100% 

Yes 

MAGNESIUM 

20 

0 

20 

100% 

Yes 

MANGANESE 

20 

0 

20 

100% 

Yes 

MCPP 

1 

19 

20 

5% 

No 

MERCURY 

2 

18 

20 

10% 

No 

NICKEL 

20 

0 

20 

100% 

Yes 

NITRATE/NITRITE  (AS  N) 

19 

1 

20 

95% 

Yes 

NITROGEN,  AMMONIA  (AS  N) 

11 

9 

20 

55% 

No 

PHOSPHORUS,  TOTAL  ORTHOPHOSPHATE  (AS  P04) 

20 

0 

20 

100% 

Yes 

POTASSIUM 

20 

0 

20 

100% 

Yes 

SELENIUM 

4 

16 

20 

20% 

No 

THALLIUM 

1 

19 

20 

5% 

No 

VANADIUM 

20 

0 

20 

100% 

Yes 

ZINC 

20 

0 

20 

100% 

Yes 

UTL  -  Upper  tolerance  limit. 


« 


(0 

0) 

a. 

E 

re   S 

*|  w 

re  ~ 
Q    o 

=52 

w  £ 

a>  *_, 

O     (A 

re    re 

t     0) 

3    -1 

</)  -s 

re 

1  = 

I? 

S>  o 

-*    «> 

o    *- 

re    a> 

CO  Q 

t;    w 

CO 

o  -a 

1 

£§ 

tu 

_l 

E   o. 

CQ 

E   E 

< 

3     O 

1- 

(/>  o 

-5 

3 

~3 

~3 

~3 

~3 

~3 

o 

t- 

CO 

CO 

00 

CD 

CD 

CD 

■,— 

■^r 

o 

■^r 

O 

CO 

oo 

T— 

CO 

G3 

T- 

T-m      *t 

< 
< 

o 

CO 

in 

iri 

CM 

o 

CD 

r~-' 

■^ 

CO 

CM 

o 

in 

CO 

OO 

CO 

CO 

o 

CD 

CM 

T— 

CD 

•<*  CM 
CM    CM 

X 

T- 

r- 

^t 

00 

~5 

3 

~3 

~3 

~3 

~3 

-3 

o 

CM 

CM 

CO 

00 

CO 

in 

r^ 

CM 

r»- 

o 

00 

CM 

^r 

CO 

in 

CD 

T— 

T— 

CM    CO 

< 
< 

o 

CD 

03 

00 

CO 

O 

d 

iri 

CO 

^ 

^ 

h- 

o 
o 

CD 
CO 

cri 

CO 

o 

CD 

^ 

o 

CD 

CO    CO 

CD 

^™ 

■»T 

00 

- > 

3 

~3 

3 

-3 

~3 

~3 

o 

co 

CO 

r^ 

r^ 

■^ 

CO 

CO 

03 

CO 

o 

CD 

CD 

03 

CM 

CM 

00 

■*- 

CM 

CD    -"d" 

< 

o 
in 
o 

c\i 

CM 

^ — 

O 

00 

T- 

T~ 

CO 

CD 

o 

CO 

o 

r-^ 

m 

CO 

CM 

CO 

O 

CM 

d 

03 

r-~  cm 

< 

T_ 

o 

CD 

CM 

d 

T~ 

00 

*■"   T~ 

u_ 

T" 

*- 

^ 

o* 

CO 

-a 

~3 

~3 

~3 

3 

3 

3 

3 

~3 

~3 

o 

in 

-"fr 

T— 

03 

o 

^r 

in 

CO 

CO 

o 

T— 

CD 

in 

CO 

•*- 

co 

■^ 

in 

CO    00 

< 

< 

o 
o 

■^ 

oS 

O 

1^ 
00 

T— 

T_ 

csi 

OO 

CM 

o 

CO 
CM 

a> 

CM 

r^ 

CO 

o 
d 

CO 

T — 

CM 

d  d 

CM    t- 

HI 

T— 

T"~ 

^- 

Tt 

CQ 

-5 

~3 

~3 

3 

3 

~3 

~3 

~3 

~3 

~3 

~3 

~3 

~3 

3 

oo 

CD 

CO 

CM 

CM 

CO 

CD 

■^r 

CJ3 

CM 

o 

CO 

CO 

03 

CM 

CD 

CD 

CD 

o 

r^  in 

< 

00 

o 

in 

^ 

CO 

^r 

T_ 

m 

CO 

CD 

■^ 

,^- 

O 

TT 

CO 

CD 

d  co 

< 

d 

CM 

d 

■"3- 

d 

d 

CO 

Q 

T- 

"*f 

CO 

—j 

—> 

3 

3 

~3 

~3 

~3 

-3 

~3 

~3 

m 

•*r 

n- 

CM 

CO 

CO 

m 

"ST 

OO 

03 

o 

CO 

in 

CO 

CO 

03 

CO 

CD 

CO 

O    CM 

< 

co 

CM 

O 

CO 

^-' 

CM 

r^- 

^ 

OO 

m 

03 

iri 

^: 

■^ 

in 

*~ 

CO 

1^ 

c\i 

*~  -* 

< 

O 

CO 

d 

d 

^ 

CD 

d 

CO 

CD 

o 

^ 

Tt 

CO 

—> 

3 

~3 

~3 

~3 

o 

CM 

■*- 

in 

oo 

r^ 

CO 

CD 

00 

00 

o 

in 

r^ 

CM 

*t 

CD 

03 

CO 

^ — 

1^.    CO 

< 
< 

o 
in 

h- 

o 
o 

"3" 

■^ 

d 

csi 

00 

CO 

m 

00 
CD 

in 

CO 

CO 

CM 

O 

d 

CM 

CO 
00 

CM 

CM    CM 

CM    t- 

CO 

^— 

t 

CO 

' — 

~i 

~3 

~3 

~3 

3 

-3 

3 

3 

o 

o 

m 

h- 

in 

t^- 

T— 

CD 

("^ 

■ST 

in 

o 

m 

r^- 

CO 

in 

in 

CD 

in 

CO 

in  03 

< 
< 

< 

co 
m 

CM 

CO 

■^ 

CO 

o 
o 

in 

CO 

CD 

ci 

T~ 

d 

in 

03 

CO 

CM 

oS 

^r 

CD 

o 
d 

- 

d 
in 

CD 

d  -^t 

T" 

ri- 

oo 

(O 

CD 

CD 

CD 

CD 

CD 

CD 

CD 

CD 

CD 

CD 

CD 

CD 

CD 

CD 

CD 

CD 

CD 

CD 

CD 

CD  CD 

i- 

X. 

*: 

*: 

* 

*: 

^ 

X. 

X. 

X. 

^ 

X. 

*: 

^ 

^ 

^ 

^ 

X. 

* 

^ 

*:  x. 

z 

CD 

CD 

CD 

CD 

CD 

CD 

CD 

CD 

CD 

CD 

CD 

CD 

CD 

CD 

CD 

CD 

CD 

CD 

CD 

CD  CD 

3 

^ 

2 

:> 

^ 

S 

S 

S 

S 

3 

3 

^ 

^ 

2 

^ 

S 

S 

^ 

^ 

S 

S  2 

oj 

LLI 

t 

_| 

E 

C 

o 

'c 
CD 

10 

E 

E 

3 

E 

3 

E 
E 

CD 

E 

0) 

CD 

CD 
CO 

z 

0 

re 

O 

o 

D_ 

E 

w 
w 

re 

o 

E 

< 

Z 

'E 

13 

_3 
CO 

CD 

o 

CO 

o 

re 
.o 
o 

Q. 
Q. 
O 

LLI 
Q 

Q 

o 

■D 
CO 

c 

CO 

D3 

C 
CO 

CD 
O 

TO 

E 
E 

O 

co  .E 

< 

< 

< 

CD 

CQ 

O 

O 

O 

O 

Q 

Q 

1— 

_l 

^ 

s 

Z 

z 

< 

Q. 

0l 

>  N 

</> 

0) 

Q. 

E 

re 

re 

** 

CO 

re 
Q 

«♦- 

o 

O 

0s 

</) 

^ 

r^ 

0) 

4-1 

U 

</> 

re 

re 

t 

a> 

3 

-i 

</> 

re 

c 

c 

3 
O 

■D 
0) 

O) 

(> 

-* 

<» 

o 

*■> 

re 

CO 

CQ 

a 

»- 

CO 

CO 

O 

■D 

1 

LL 

^ 

C 
3 

LU 

_l 

re 

E 

O 

a. 

CD 

E 

E 

< 

3 

o 

(0   O 


—) 

3 

~3 

~3 

—3 

~3 

~3 

o 

T 

co  -q- 

O 

CO 

m 

in 

m 

T— 

o 

r- 

o 

CO 

CO 

m 

■St 

T— 

T— 

CD    i- 

< 
< 

"<3- 
CM 
CO 

CO 

cri  *"! 
o 

JJ 

CO 

T_ 

CM 

CM 

"* 

o 

CD 

o 

■^ 

m 

in 

CM 

CM 

o 
o 

j: 

CO 

m 

CM 

CN 

LL 

T— 

CM 

«* 

CQ 

—} 

3 

~3 

~3 

~3 

~3 

~3 

O 

N- 

■^    CD 

CD 

CO 

r-- 

en 

T— 

CO 

O 

m 

CD 

CM 

T— 

m 

T— 

CO 

CO 

in  co 

< 
< 

O 

co 

CM 

*  9 
o 

cri 

CD 

CO 

d 

^ 

CM 

cb 

o 

CD 

j: 

m 

T— 

CM 

o 
cb 

CM 

cb 

CO 

■^r  cb 

LU 

CM 

*r 

CO 

-j 

3 

~3 

~3 

—3 

—3 

Q 

in 

r- 

cm  a> 

in 

in 

m 

en 

T- 

in 

o 

CO 

m 

in 

in 

m 

in 

in 

cn 

cd  m 

< 

CO 

in 

CO 

i^  P 

o 

CO 

o 

c\i 

CM 

o 

CO 
00 
00 

■^ 

r^ 

■^f 

t; 

o 

<7 

CD 

r^ 

r-  9 

< 

o 

■^ 

■^ 

T— 

CO 

X— 

CO 

T— 

T— 

CM 

cri 

^ 

T-       O 

Q 

en 

CN 

cb 

^~ 

CD 

T— 

CM 

Tt 

DO 

~3 

-3 

3 

~3 

~3 

~3 

~3 

-3 

o 

^r 

co  m 

en 

■<r 

CO 

T— 

CO 

CM 

o 

CM 

r^ 

cn 

cn 

CD 

■^l- 

cn 

CD 

cm  m 

< 
< 

CD 

cd 

"- 

o 

o 

CM 

in 
o 

CM 

CM 

"* 

CD 
CO 

CD 

o 

T — 

cb 

i^ 

O 
O 

cri 

CO 

m 

CN 

o  o 

O 

CM 

^t 

00 

~3 

3 

~3 

~3 

~3 

~3 

~3 

o 

CO 

m  -sr 

CO 

h- 

h- 

"<3- 

in 

in 

o 

CD 

CD 

in 

r^ 

CD 

CO 

■<d- 

in 

CO    CD 

< 

CN 
CO 
in 

cb  T"~. 

in 

in 

CD 

CM 

cb 

CO 

CO 
CD 
CD 

^ 

CM 
CM 

in 

^ 

O 

CO 

cb 

CO 

cb  cb 

< 

CQ 

CM 

o 

CD 

O 

T_ 

*~ 

d 

cn 

T~ 

Tt 

CQ 

~3 

3 

~3 

~3 

~3 

~3 

~3 

~3 

o 

CM 

TJ-    CD 

■<3- 

CM 

"^ 

■,— 

CD 

CO 

o 

cp 

T— 

cn 

CO 

h~ 

o 

m 

CO 

r^  in 

< 

CN 

-3- 

cb  ° 

m 

CM 

in 

CM 

CM 

CO 

CM 

CM 

O 

C3 

r^- 

O 

CM 

ai 

■sr 

T"1      "^ 

< 

o 

d 

CO 

cb 

o 

CD 

< 

CM 

Tf 

CQ 

-3 

~3 

3 

~3 

~3 

~3 

~3 

o 

CM 

co  a> 

CO 

CD 

r^ 

in 

cn 

CM 

o 

r^ 

CD 

CO 

CM 

■^t 

CM 

r^ 

CO 

co  m 

< 

< 

o 

o 

cb 
in 

CD 

CD 

o 

"- 

CO 

o 
o 
o 

cb 

CO 
CM 

o 
o 

d 

CO 

cn 

X —      T — 

-J 

T — 

^r- 

t 

CQ 

—3 

~3 

3 

~3 

-3 

~3 

o 

co 

CM    CD 

CO 

m 

T— 

CO 

^r 

m 

o 

m- 

CD 

00 

CM 

^r 

CO 

CD 

cn 

cd  m 

< 
< 

5 

CO 

CO    9 

o 

cb 

CD 

r^ 

T_ 

T — 

o 

in 

CM 

CD 

O 

CO 

cb 

CM 

o 
o 

in 

T — 

CO 

cn 

CN 

CM    x- 

^ 

■<* 

CQ 

CO 

CD 

CD 

CD  CD 

CD 

CD 

CD 

CD 

CD 

CD 

CD 

CD 

CD 

CD 

CD 

CD 

CD 

CD 

CD 

CD  CD 

1- 

^ 

X. 

*:  ^ 

*: 

i^ 

^ 

^ 

*: 

*: 

^ 

^ 

*: 

*: 

^ 

^ 

^ 

X. 

^ 

^  ^ 

Z 

CD 

CD 

CD  CD 

CD 

CD 

CD 

CD 

CD 

CD 

CD 

CD 

CD 

CD 

CD 

CD 

CD 

CD 

CD 

CD  CD 

3 

S 

S 

S  S 

S 

^ 

^ 

^ 

3 

3 

^ 

^ 

^ 

^ 

^ 

^ 

S 

^ 

^ 

^  S 

B 

LU 
_l 

E 

3 
C 

o 

'cz 
CD 

E 

E  i 

E 

zj 

E 

ID 

E 

E 

=3 
<0 
<D 

CO 
0 

c 
CO 

z 

CO 

'c 
o 

CO 

o 

x: 

D_ 

E 

=3 
CO 
CO 

ro 

E 

_3 
T3 

< 

I 

i  & 

o 

o 

1— 

re 

Cl 
Q. 

LU 

1- 

c 

CO 
0 

CZ 

cn 

cn 

c 

CD 

ro 

E 

O 

8  g 

Z 

Z3 

L_ 

CO    cd 

CO 

.rz 

o 

O 

Q 

Q 

o 

CO 

CO 

o 

s 

E 

JZ 

o 

ro  .E 

< 

< 

< 

CD    DO 

O 

O 

O 

O 

Q 

Q 

_l 

^ 

^ 

2 

z 

< 

CL 

Q. 

>    N 

I 


o 

a 

E 

re   5 

*j  CO 

re    * 

Q  "5 

o  ^ 

<*  £ 

a>  *- 

U     (A 

re    re 

t    <i> 

3    -1 

co  ~ 

re 

?.= 

Il 

O)    o 

■E  s 

o  +- 

re    a> 

CQ  Q 

tr    » 

CO 

O    -o 

1 

u. 

frS. 

LU 

«   o 

E   a. 

CQ 

E   E 

< 

3     O 

H 

CO  o 

-3 

~3 

~3 

~3 

~3 

~3 

~3 

~3 

~3 

~3 

o 

h~ 

03 

T— 

CO 

in 

"d- 

CD 

CD 

■"S" 

o 

^ 

CM 

CO 

t- 

■"S- 

■<3- 

m 

m 

cm  m 

< 

CM 

m 

CM 

o> 

o 

CO 

iri 

co 

CM 

CM 

o 

CO 

CO 

CO 

^ 

o 

03 

03 

CD 

CD    C33 

2 

CD 

CD 

T— 

T— 

CD 

T— 

r^ 

CM 

CM 

Tt 

CQ 

~3 

3 

3 

~3 

-3 

~3 

~3 

~3 

~3 

o 

•^J; 

co 

r^ 

T— 

CD 

T— 

CM 

"3" 

-^ 

o 

03 

-a- 

■q- 

CO 

■>^ 

CO 

,^- 

,— 

t-  r^ 

< 

o 

ID 

CM 

CD 

CD 

in 

•^■' 

CO 
CO 

CM 

m 

CM 

"^ 

-r- 

CD 

CD 

CO 

r^ 

CD    CD 

< 

■<T 

o 

CD 

CD 

T— 

T_ 

CD 

'r" 

CD 

r"    ,— 

-i 

CM 

Tt 

CQ 

-5 

-5 

3 

—3 

~3 

~3 

~3 

~3 

~3 

~3 

~3 

O 

CM 

m- 

"J 

03 

CO 

I-- 

CO 

CD 

CD 

o 

■<d- 

CD 

T— 

t— 

CD 

in 

CO 

■«t 

•^r  co 

< 
< 

CN 

^ 

CD 

O 

o 

^-' 

co 

^ 

CO 

CO 

CD 

CO 
CM 

cb 

CD 

CD 

CD 

O 

CO 

ih 

CM 

CD    CD 

£ 

CD 

CO 

CD 

T_ 

CO 

CD 

CD 

T~ 

^r 

T~ 

CM 

"<t 

CQ 

~3 

-5 

~3 

3 

~3 

3 

3 

~3 

~3 

3 

~3 

~3 

~3 

r^ 

■,— 

03 

CO 

CO 

CD 

r^ 

CM 

CO 

CO 

o 

CD 

y- 

CO 

CD 

CD 

CM 

,— 

CO 

NT     CO 

< 

CD 
CO 

t-: 

iri 

o 

CD 

^ 

CO 

^ 

CO 

CO 

o 

CO 

C3 

C3 

"3- 

O 

^ 

CD 

*- 

CD    CO 

< 

X 

CM 

o 

r- 

CD 

m 

CD 

CD 

T_ 

■<d- 

T_ 

"* 

CO 

~3 

~3 

~3 

-, 

_, 

_, 

~3 

o 

CO 

00 

CD 

m 

CO 

CO 

■^ 

CM 

CO 

o 

■sr 

CO 

T — 

T— 

■<3- 

CM 

03 

t— 

■*r  cm 

< 

< 

CO 

CD 

O 
CD 

ay 

"fr 

1^ 

CD 

CM 

■^r 

T— 

"3- 

m 

CM 

"^ 

^ 

O 
CD 

CM 

CM 

03 

t-    CD 
CM 

o 

CM 

TT 

CQ 

CO 

CD 

o 

cd 

cd 

CD 

CD 

o 

CD 

CD 

CD 

CD 

CD 

CD 

CD 

CD 

CD 

CD 

CD 

CD 

CD  CD 

1- 

^ 

y: 

* 

y 

^ 

y 

y 

* 

*: 

^ 

*: 

^ 

*: 

^ 

^ 

y 

y 

^ 

^ 

^  ^ 

z 

CD 

CD 

cd 

cd 

CD 

CD 

cd 

CD 

CD 

CD 

CD 

CD 

CD 

CD 

CD 

o 

CD 

CD 

CD 

CD  CD 

3 

^ 

^ 

^ 

2 

2 

^ 

^ 

S 

3 

3 

2 

^ 

2 

^ 

S 

s 

S 

"2. 

^ 

S  S 

HI 

_i 

E 

3 
C 

o 

'c 

CD 
CO 

E 

E 

3 

E 

3 

E 

3 

E 

CD 

E 

3 
CO 
CD 

CD 
CO 

CD 
C 
CO 

0) 

'C! 

z 

CO 

'c= 
o 

(A 

3 
i_ 
O 

.c 

Q. 

E 

3 
CO 

E 

3 

< 

z 

E 

13 

3 
'i_ 
CO 

CD 

O 
CO 

o 

O 

Q. 
Q. 
O 

LU 
Q 

1- 
Q 

c 
o 

CO 
CD 

C 
CO 
CO 

CO 

c 

CO 

"q3 
o 

E 
E 

CO 
O 

(0 

CO 
-«— • 

o 

1     1 

CO    .E 

< 

< 

< 

m 

CQ 

o 

O 

O 

O 

Q 

Q 

t— 

_l 

^ 

2 

z 

iz 

< 

CL 

Q_ 

>   N 

CO 

at 

TO      Q. 

«   E 

Q      (Q 

—    CO 

O   tr 

CO    ° 

<u  £? 

o   ,- 

J?    N- 

t    - 

3     CO 

V)     « 

.Q     fl> 

3    -J 

CO  *; 

re 

Is 

Ij 

i-r,     *■• 

■X    a> 

o  *- 

re    o> 

m  Q 

t    w 

li- 

O    -o 

LU 

_J 

e    2 

E   o. 

m 

E   E 

< 

3     O 

i- 

CO  o 

—5 

-3 

3 

~3 

o 

M- 

CM 

CO 

en 

00 

CD 

CD 

o 

T— 

O 

in 

T- 

T— 

CO 

o  cm  in 

< 

CO 

o 
in 

CM 

d 

CM 

r^ 

■*■ 

•^ 

o 

CO 

r^ 
r^ 

o 

CD 

00 

o 

CD 

T— 

2  iri  cn 

*    CM    t- 

X 

T— 

*■ 

QQ 

-5 

3 

~3 

~3 

—3 

o 

cn 

CO 

CO 

CO 

CM 

CM 

CM 

o 

in 

o 

CO 

00 

CM 

T— 

CM    CO    M" 

< 

o 
cn 

CM 

CO 

CO 

*1 

CM 

*~ 

o 

CM 

CO 

r^ 

cn 

iri 

O 

CO 

^    CD    CO 

^    CM    t- 

CO 

*~ 

CD 

00 

CM 

CD 

cn 

CD 

T— 

^ 

^t 

m 

-J 

3 

~3 

~3 

~3 

o 

eg 

CO 

CO 

CO 

r^- 

CO 

CO 

o 

CO 

CO 

,- 

CD 

,— 

T— 

00     t-     ^ 

< 

CD 

CO 

■^J-' 

■^ 

CM 
O 

iri 

j: 

CO 

o 

CO 

o 

CO 

cn 

cd 
in 

iri 

o 

CD 

o 

T — 

°^^ 

U_ 

•*— 

T~ 

Tt 

m 

—i 

3 

~3 

~3 

~3 

o 

CO 

CO 

T— 

t^- 

CO 

T— 

CD 

o 

CO 

o 

cn 

-3- 

CM 

in 

^t    CO    N 

< 

o 

00 

iri 

CM 
O 

cb 

CO 

CO 

CO 

CM 

o 

CO 

o 

CO 

in 

CM 

■<d- 

iri 

O 
CD 

o 

cn  •<-   _: 
CO           ^. 

LU 

T— 

T— 

T- 

rf 

CO 

-3 

3 

—3 

—3 

~3 

o 

CM 

■<d- 

^t 

in 

CM 

in 

CM 

o 

CM 

m 

CO 

in 

CM 

T- 

CO    CD    CM 

< 

CQ 

CM 

CM 

CD 

CD 

LO 

CD 

"- 

CM 

in 

CD 

■st 

o 
-3- 

CD 
CM 

CO 

O 
CD 

!f2  d  d 

a 

T- 

"fr 

CQ 

~3 

3 

~3 

~3 

~3 

o 

CD 

en 

CO 

CO 

[^ 

■^r 

cn 

o 

■^r 

r^ 

< 

cn 

,-: 

r^ 

T_ 

^ 

^-' 

^ 

■^ 

co 

CD 

CO 

o 

CO 

°2  cm  cn 

CD 

CO 

d 

r^ 

CM 

CD 

cn 

«~ 

O 

^ 

n- 

CQ 

-3 

~3 

~3 

~3 

o 

oo 

cn 

CO 

CM 

CO 

CD 

00 

o 

■,— 

o 

CO 

CD 

T— 

CO 

CD   r^   cn 

< 

CD 

o 

CO 

CM 

CD 

o 

t — 

■<* 

CO 

CO 

o 

CO 

t^ 

CO 
CM 

CO 
CD 

^ 

o 

CD 

■^r 

5  ^  T" 

00   ^ 

CQ 

T— 

^ 

t 

CQ 

~3 

~3 

~3 

o 

00 

t^ 

r-~ 

CM 

CO 

T— 

CM 

o 

CO 

,— 

h~ 

'^■ 

CM 

00 

cn  r^-  co 

< 
CQ 

o 

CO 
CO 

CO 

If) 

CM 
CD 

CM 

iri 

CO 

CO 

o 

CO 

cn 

cn 

■<a- 

r^ 

O 
CD 

- 

2  ^  iri 

^    CM    t- 

< 

T~ 

T— 

^- 

■<* 

CQ 

CO 

CD 

o 

CD 

CD 

CD 

CD 

CD 

CD 

CD 

CD 

CD 

CD 

CD 

CD 

CD 

CD  CD  CD 

1- 

*: 

*: 

^ 

*: 

^ 

*: 

^ 

*: 

^ 

X. 

i^ 

^ 

*: 

^ 

^ 

^  k:  ^ 

z 

CD 

CD 

CD 

CD 

CD 

CD 

CD 

CD 

CD 

CD 

CD 

CD 

CD 

CD 

CD 

CD  CD  CD 

3 

2 

^ 

2 

2 

2 

^ 

^ 

2 

^ 

^ 

^ 

^ 

^ 

2 

^ 

^  S  ^ 

LU 

_l 
< 

E 

3 

E 

o 

"c 

CD 
CO 

E 

3_ 

E 

E 

3 
O 

E 

3 

"E 
o 

"re 

q3 

CL 
CL 

c 

E 

3 
10 
1) 

c 
cn 

CD 
10 
Q) 

C 

ro 
cn 

c 

"CD 

z 

ro 

(0 

3 

o 

Q_ 
10 
O 

II 

!5    ro 
ro    ^    0 

Z 

3 

ro 

cu 

CO 

.c 

o 

o 

o 

CO 

ro 

o 

^ 

0    ro  .E 

< 

< 

< 

00 

m 

O 

O 

O 

O 

I— 

_l 

2 

2 

Z 

Z 

0. 

0-    >    N 

(« 


re 


LL 

HI 

_l 

cn 
< 


a. 

R   E 
Q    re 

—   CO 

CO    ° 
0)   ^ 

O     T- 

£^ 
<fl    re 

3    -I 

W  *; 

re 

1  = 

lu 

3.  •*■* 

■*     S 
O    -3 

re    0) 
DO   Q 

O   -o 


£> 

c 

3 

re 

O 

h 

Q. 

E 

E 

3 

o 

CO 

o 

—i 

-3 

-3 

—i 

o 

CD 

in 

^r 

in 

T— 

CM 

r~~ 

o 

CO 

o 

^ 

CM 

CM 

in 

IO 

■<-    CM 

< 

00 

o 
in 
o 

CO 

ih 

CM 

o 

m 

^ 

CO 

CM 

o 

CM 

o 

in 

in 
o 

d 
in 

iri 

O 

d 

d 

CO 

CD 
CM 

r^  co 

cd 

T— 

CM 

Tf 

CD 

o 

in 

CD 

CO 

CM 

in 

r^ 

o 

00 

o 

CM 

T 

CM 

■^r 

CO 

CO    CM 

< 
CQ 

o 

CM 

■^r 

CO 

CM 

d 

d 

1*- 

CM 

CO 

CO 

o 

CO 

in 

m 

CM 

CM 

in 

d 

O 

d 

iri 

CO 

CO 
CO 

d  ■<!■ 

t-    CM 

u_ 

T— 

T— 

CM 

Tf 

m 

o 

00 

CD 

o 

m 

CO 

o 

00 

r^ 

CM 

r-- 

CM 

CD 

r^- 

CO    00 

< 

CO 

"3- 

CN 
CD 

CM 

cn 

d 

CD 

CM 

CM 

CD 
CD 

CO 

o 

d 
"3- 

co 

O 

d 

CO 

CD 

CM 

d  ra 

HI 

cm 

"<r 

CQ 

Q 

O 

m 

cd 

CM 

m 

CD 

in 

in 

O 

■<r 

m 

m 

CM 

in 

CD 

t-    CD 

< 
CQ 
Q 

1^ 

CD 

cm 

o 

T — 

CM 

d 

00 

r^ 

00 
CM 

CO 
CO 

CD 
CO 

■^ 

CD 

in 
m 

CD 

O 

d 

CO 

oo 

o 

CO 

CM    CM 

T-    CD 

CM 

3 

CO 

o 

CO 

CO 

m 

o 

CO 

o 

CO 

oo 

CM 

00 

CO 

CD    t-; 

< 

CQ 

o 

CD 

■*■' 

r^ 

d 

CO 
CD 

CO 

r— 

■^ 

■^r 

o 

CM 

d 

CD 

d 

O 

d 

d 

CD 

o 

d  d 

O 

T— 

CM 

"* 

CQ 

o 

cn 

cd 

CO 

CD 

in 

CO 

o 

r^ 

CO 

CD 

m 

CO 

00 

CO 

r-    CD 

< 
CQ 

■<3- 

CO 

CM 

CO 

CM 

d 

JH 

d 

CM 

CM 

CO 
00 

■^ 

o 

00 

CO 

■^' 

o 
d 

o 

o 

CO 

DO 

CM 

rt 

CO 

o 

CO 

CM 

■^ 

CM 

"^ 

CO 

o 

CO 

-tf 

"3- 

CD 

CD    CO 

< 

CQ 
< 
CM 

CO 
CM 

CO 

d 

CM 

d 

00 

00 

CM 

in 

m 

■^ 

CM 
CO 

CO 

■sr 

o 
d 

CM 
CM 

CM   d 

Tf 

CQ 

-3 

—5 

-j 

—} 

o 

CD 

T— 

CM 

T— 

r^- 

CO 

CD 

o 

CO 

CM 

T— 

^r 

T— 

CD 

CD 

CO    t- 

< 

CO 

lO 
CO 

CM 

iri 

d 

CM 

d 

CM 

CM 

o 

CM 

o 

d 

CO 
CD 

CM 

m 

iri 

o 
d 

x — 

CM 

t^  d 

T— 

Tf 

CQ 

CO 

CD 

CD 

CD 

CD 

CD 

CD 

CD 

CD 

CD 

CD 

CD 

CD 

CD 

CD 

CD 

CD 

CD  CD 

1- 

*: 

^ 

^ 

* 

*: 

*: 

^ 

X. 

^ 

*: 

*: 

* 

* 

* 

* 

*: 

*:  x. 

z 

o 

o 

CD 

CD 

CD 

CD 

CD 

CD 

CD 

CD 

CD 

CD 

CD 

CD 

CD 

CD 

CD  CD 

Z) 

^ 

2 

2 

^ 

S 

S 

S 

S 

^ 

^ 

^ 

^ 

S 

^ 

^ 

s 

^  S 

HI 
[- 

>- 
_l 
< 

E 

c 

E 

o 
0 

E 

3 

E 

E 

13 
O 

E 

3 

'E 
o 

"re 

Q. 
Q. 

c 

T3 
CO 

E 

<D 

c 

CD 

cu 
</> 

a> 

c 

CO 
CD 

cz 

0) 

-XL 

0) 

z 

w 

3 
i_ 
O 

.c 

Q. 
CO 
O 

£ 
in 

E 

3 

2    o 

z 

3 

CD 

0 

CO 

sz 

o 

O 

o 

<L> 

CO 

CO 

o 

JT 

o 

CO    .E 

< 

< 

< 

do 

CQ 

O 

O 

O 

o 

i_ 

_l 

s 

2 

Z 

z 

CL- 

D_ 

>  N 

(A 

0> 

(9 

*■» 

re 

Q. 

F 

Q 

re 

— 

CO 

o 

•*- 

CO 

u 

o 

^5 

o 

re 

h» 

t 

4-1 

3 

(/) 

W 

re 

A 

0) 

3 

_i 

CO 

re 

■a 
c 

c 

3 

o 

■D 

a> 

O) 

o 

-* 

o> 

u 

*-* 

re 

<D 

QQ 

Q 

H- 

(/> 

u. 

o 

■D 
C 
3 

LU 

_J 

re 

E 

O 

a. 

m 

E 

E 

< 

3 

o 

h- 

CO 

o 

-5 

-5 

~3 

~3 

o 

CM 

ID 

-^ 

CO 

O) 

CD 

■sr 

o 

T— 

T— 

■<J- 

CM 

T— 

03 

CM 

CD    CM 

< 

o 

CM 
O 

CM 

in 

CM 

CM 

d 

CD 
CD 

CM 

CO 

5 

CD 

CO 

o 

■^ 

o 
d 

a> 

CM 
CM 

T—    T— 

* 

CM 

^* 

CD 

~i 

~3 

~3 

~3 

O 

h- 

h- 

^f 

CD 

r^ 

■^ 

t- 

o 

CD 

o 

CO 

T— 

CM 

T— 

O) 

CM    CO 

< 
CQ 

O 
O 

co 

CM 
O 

d 

^ 

CO 

co 

o 
o 

o 

CO 

CD 
CD 

d 

O 

d 

CO 
00 

CD 

CO 

r^  ^r 

-J 

T— 

T— 

CM 

•>* 

CD 

-5 

-3 

-5 

-3 

~3 

~3 

o 

r^ 

r^- 

00 

r^ 

CD 

CO 

CM 

o 

r»- 

CO 

03 

CM 

CM 

ID 

00 

ID    i- 

< 

CQ 

CO 
CD 

T~ 

00 

d 

o 

CO 

*" 

"3- 

CO 

co 

"d- 

CD 
CM 

CO 

o 
d 

ID 

r^ 

d  od 

CM 

*t 

CQ 

-5 

-3 

~3 

~3 

O 

CM 

■,— 

CM 

o 

CD 

C3 

■<* 

o 

"* 

o 

a> 

CO 

■sT 

t— 

r^ 

CO    h- 

< 
CQ 
I 
CM 

CD 

a> 

CD 

CM 

d 

CD 

*~ 

CM 

CD 

00 

"3- 

d 

CO 

O 

d 

00 
00 

o 

CM 

T-1     CO 

*r 

CQ 

CO 

CD 

CD 

CD 

CD 

CD 

CD 

CD 

CD 

CD 

CD 

CD 

CD 

CD 

CD 

CD 

CD 

CD  CD 

1- 

*: 

*: 

* 

^ 

* 

*: 

^ 

*: 

^ 

X. 

*: 

* 

^ 

X. 

*: 

*: 

*  ^ 

z 

CD 

CD 

CD 

CD 

CD 

CD 

CD 

CD 

CD 

CD 

CD 

CD 

CD 

CD 

CD 

CD 

CD  CD 

D 

^ 

^ 

^ 

^ 

^ 

2 

S 

^ 

^ 

2 

2 

2 

2 

^ 

S 

S 

^  ^ 

LU 

t 

-J 
< 

E 

C 

E 

o 

'c 

w 

E 

E 

3_ 
1" 

E 
3 
o 

E 

3 

E 
o 

re 

.Q 

cu 
a. 

Q. 

c 

CO 

E 

3 

to 

CU 

c 

0) 

co 

<D 

C 
CO 
O) 

c 

"53 

z 

re 

CO 

l_ 
o 

-C 

Q. 
(/) 
O 

E 

3 

co 
to 
ro 

E 

3 

2   12 

z 

3 

CO 

cu 

CO 

.c 

o 

o 

o 

cu 

CO 

CO 

o 

.C 

o 

co  .E 

< 

< 

< 

CO 

DO 

O 

o 

O 

O 

l_ 

_J 

2 

^ 

Z 

Z 

CL 

CL 

>   N 

5  5  ~ 

a    a    2 
|  -* 


g  3  £ 

•fl    1/3      3 


^  1  f  I  TH 

<2> 


=  I 

■ 
1 

«9 


o     i< 
Li.      3      u 

J     «      3 


2  U 


■a  ■& 


H    I 

I1 

§ 


1  '2 

2  P 


g  I  i 

o    o    o 
Z   Z  Z 


I    1 
c    a 


111 


.2.3 


.3Z.3.S 


I  I  |  |  | 
z  z  z  z  z 


111!  11  1  11  Hi!!  1 

O      B      E      E  BB  B  BB  C      E      .-       '       C  B 

*2  co  co  co  to  to  oo  u  u  co  co  JJ  _]  co  u 

•=3^3  3$  .3  .3.3  ,3,3  *  B-3  5 
2                               2  2 


o5)OOOOOOOOOOOOOc5)«)OOo5 
Ee^EEeCCEECEEEEEEqjo^EEEqP 

2  2  2  2 


f*.     O     sO     fi     r«-,     rr.     w-.     <N     rr,     rr,     rl     OS     sO     <"•". 

—    on    r-    T    o    r»    c4   <*.    w.   *r,   f. 
o   —   —    —    N   N   -   —   —   fN 

ooocooooo 


c.    -<OUiait(?r>tO 


o  o  o  o 


111 


1  i 


QQGCCeCCoC&CCoCCQQEqEE 
22         2      22      2      222 


3w''2-i:f''"r2r"f1,,'2^^1Ci    so  o\  _.  >o  <n 
r^.  v.  ooootj-u-iNO-n-voHr^co^oooooN  —  w.  S'r'w"' 

OsOsOsOsOsOsOSOsOsOsOsCsOSOsOs^OsOsOsOs 

OOOOOOOOOOOOOOO     oo°oo 


©  3  £  d  5  =  2 


V  _  ©  -^  «-, 


i  g 


g  I 


_2qqqq22qq2qq22 
ZZZbZZZZ^^ZZBZZooZZZZZ 

z  z  z  z  z  z 


1 1 


i  g 


E  E 


g  i 


oooZooooZZgfeZfefeZZt 
ZZZoZZZZooZZ^ZZ^^ZZZZZ 

z  z  z  z  z  z 


f,    OO    V".    o\    (N    cc     r-    — >    f^.    f*%    SO     sO    O    "". 

os    as   so    so   so    p"-,    r-   as   «".   f,    as    u-t   as   o 
OON(S--is|0-(S'S-0- 

oooooooooooooo 


ooooooooooo 


iEill 


g  J  g 


g  g  1  3  3  3 


ZZZ^ZZZZ^oZZoZZooZZZZZ 


©  ©  ©  ©  o  o  o 


©  ©  ©  °  ©  © 


oooooooo 


oooooooooooo 


^^oe--?»^^ 


i!  £  K  K  i? 


slll88|KgggjgS 


—    <7\    ©    —    —    ©    © 


—    —    ©    CTs    ©    —    — ■    —    av— .    


8  1       >■ 


I  -I  1  I  I 


111    S  "3   J  -S    g-DQ    1  1  I  I  2  II    II    I    S    S 


E  5 
1  a 


g  ^ 


e 
o 


^  3 

—    - 

as 


j  9 

S  §  - 

■a  z  1 
=    c    C 
•2    °  « 

1 

I  -a     . 
*;    a*    M 

1 

•3    ">   :-r 

a  a  H 

o     —    — 
3      s      £ 

■°    c    ■ 

lllllllllllll    llll 

a  J  w 

Z2^Z?Z?IZI?    3.3** 

_ 

at    (1           _ 

,    s    E         M 
_    =    z    -   -* 
■r-    =    a   .a    "5» 

s       5«   E 

l££©"§££^f<*§i§£32|K3 

<  3     ~ 

■ 
o 

_  1 

V 

« 

1      iiiiEiiiiiicti^E 

O              OOOOOOOOOCCgoOOOO 

C                CCCCCCCCCCCqCCCC 

1 

.3      .3.3.3.3,3.3.3.3.2.3.35.3.3.3.3 

s 

z 

r"       "3 

E    1    E    E    E    E    1    E    E    E    1    1    E    I    E    1    E    1 

—    5 

oooocooooooeoMoooo 

e 
: 

= 

a    1 

S 

E 

ccccccececccca'cccc 
Z 

•= 

a 

M 

Q 

> 

O     _ 

(HM^p    —    mov'Sr-i<^r-    cnr-,-—    f"ir-r-._ 

o  Q 

«*.    as    —    •H'O'n-^or-w-.rsog^Ov    —    no" 

| 

H 

ooooooo^oooe>00ooo° 

c 

| 

a 

o     — 

0i(jj5'0,(?0\0*^0'.     ffiO*O^l?0>O,0'ffiA, 

00OOOCJOOOOC50000000 

1 1 

e 

o           2S 

■•a        a 

i  1  i  1  i  i  i  i  i  I  1  i  i  1  i  i  1  i 

Ocflooooaoooooomooco 

cccceccccceececccc 

g-g  « 

.3  3  .3.3.3  .3.3  3.3  .3.3.3.3  3  .3  .5  .3  .3 

£6 

z                                           z 

M        B 

£    S 

>.  C    -j 

con-.r-vcaer-vcooNOr-^oafcocoooNr-oe 

—    n    a 

^3     o 

OOOOOOOOOOOOOOOOOO 

3  U 

a 

JQ 

O 

£       'c 

(Jv(Jv^ffiOVff.O\00\WffiC(ffO>0,0\<ji(Ji 

« 

ooooooooooodoooooo 

■J 

ex  .a    ^ 

sill 

si  ^  *  "'  ^  t  «  j  »  ^  f ,  o  s  ?  s  ^i  ". 

<    a    w 

Z 

e 

a 

•o 

g 

g     g  i  g  1  g  1  i  g  i  g  g  1  i  g  i  g 

& 

Z         ZZZZZZZZZZZoZZZZ 

z 

c 

w 

tis     *; 

■? 

H    3 

g  i  g  i  i  1  g  g  g  g  i  g 11 g  i  g  g 

H 

>  a 

a    M 

zzzzzzzzzzzzz^zzzz 

0 

c 

Z 

= 

l 

£. 

Gfl 

— .r-rs    —    (N**.    r-««3_.r-    ^     is    a    v,    rr,    OC     W-,    ON 

> 

2>Cte^-c,    -c,    yr--«ooho>^M(S 

s 

£  a 

—    r-&0!N— 'OOnk.    Z-Ir-ovfNrj^i-N    —    «-.    O 

f 

o 
u 

°0000000°OOOOOOC500 

i 

i 

z 

a   -r 

CT^0^C^O^O^O^O^CT^ONO^O^O^O,CT^O^CT^O>>     ^j 

o0ooooooooooooooo° 

e 

"«                                                                                                  « 

'O          — 

«        2 

||  |  |  |  |  |  |  |  |  |  |  |  |  |  |  |  | 

*»  *-  .s 

b     M    pj 

ZoZZZZZZZZZZZ^ZZZZ 

06 

z                                             z 

M      B 

_0      <U 

Mj«ffl«^.rt(«ff.  ^a^^aia^^^ 

tea: 

5    © 

°©o©oo©e>o©oooe>ei0e>o 

s  u 

-*"           w 

ft-       a 

oooooooooooooooooo 

0*0****B***                   •••• 

3 

-^    s 

Islilllllilli^llil 

3     S 

OCT.OOOOOOOOOOOOOOOQ0 

O*    *• 

N-NNNNNNNNMNNNNNN- 

w    G 

U. 

Ow,    OOOOOOOOOOOOsOOOoO 

•o 

s 

1             B   „   |                      gl       1   1   g  1 

o 
01 
E 

o 

1  1  g  1  I  1  s  I            i   5  -J  |  1  J 

<<!«BOCuuiJSi7.  z£i>n 

r 


a 
a 

■d  J 
1    J 

a  2 


I  I' 


TABLE  F-7 
Comparison  of  Background  UTLs  with  IRP  Background  UTLs 


Compound 

Preliminary 

Background  Surface 

Soil  UTL  (a) 

(mg/kg) 

Preliminary 

Background 

Subsurface  Soil 

UTL  (a)      (mg/kg) 

IRP  Background 

Surface  Soil  UTL 

(a)      (mg/kg) 

MADEP  Background 

Concentrations 

(MADEP,  1995a) 

(mg/kg) 

Common              Soil 
Ranges  (Lindsay, 
1979)      (mg/kg) 

Aluminum 

13016 

15825 

9774 

13000 

10000-300000 

Arsenic 

4 

5 

4.0 

17 

1-50 

Barium 

17 

27 

17 

45 

100-3000 

Beryllium 

0.30 

0.30 

(b) 

0.4 

0.1-40 

Calcium 

209 

190 

709 

ND 

7000-500000 

Chromium 

10 

17 

7 

29 

1-1000 

Cobalt 

2 

4 

(b) 

4.4 

1-40 

Copper 

3 

5 

(b) 

38 

2-100 

DDE 

0.008 

(b) 

(b) 

ND 

ND 

DDT 

0.024 

(b) 

(b) 

ND 

ND 

Iron 

14848 

14836 

12222 

17000 

ND 

Lead 

18 

9 

14 

99 

2-200 

Magnesium 

1015 

1655 

945 

4900 

600-6000 

Manganese 

24 

104 

107 

300 

20-3000 

MCPA 

48 

(b) 

(b) 

ND 

ND 

Nickel 

8 

10 

(b) 

17 

5-500 

Nitrate/Nitrite 

0.10 

0.04 

(b) 

ND 

ND 

Ammonia 

27 

(b) 

(b) 

ND 

ND 

Phosphorus 

121 

136 

(b) 

ND 

ND 

Potassium 

265 

596 

(b) 

ND 

400-30000 

Vanadium 

28 

25 

18 

29 

20-500 

Zinc 

17 

23 

17 

116 

10-300 

(a)  UTL  -  Upper  Tolerance  Limit. 

(b)  UTL  not  calculated  because  frequency  of  detection  was  less  than  71%. 
ND  -  Not  determined. 


TABLE  F-8 
Frequency  of  Detection  in  Background  Groundwater  Samples 


#Non- 

Total 

Calculate 

Compound 

ft  Detects 

Detects 

Samples 

%  Detect 

UTL? 

Aluminum 

6 

10 

16 

38% 

No 

Antimony 

1 

15 

16 

6% 

No 

Barium 

9 

7 

16 

56% 

No 

Beryllium 

1 

15 

16 

6% 

No 

BEHP 

10 

8 

18 

56% 

No 

Boron 

1 

6 

7 

14% 

No 

Cadmium 

5 

11 

16 

31% 

No 

Calcium 

16 

0 

16 

100% 

Yes 

Chloride  (as  CI) 

20 

0 

20 

100% 

Yes 

Chloroform 

13 

4 

17 

76% 

Yes 

Chromium,  total 

1 

15 

16 

6% 

No 

Copper 

1 

15 

16 

6% 

No 

Dieldrin 

1 

19 

20 

5% 

No 

Iron 

11 

5 

16 

69% 

No 

Lead 

3 

13 

16 

19% 

No 

Magnesium 

16 

0 

16 

100% 

Yes 

Manganese 

16 

0 

16 

100% 

Yes 

MCPP 

1 

19 

20 

5% 

No 

Nickel 

6 

10 

16 

38% 

No 

Nitrate/Nitrite  (as  N) 

19 

1 

20 

95% 

Yes 

Ammonia  Nitrogen  (as  N) 

5 

15 

20 

25% 

No 

Phosphorus,  Total  Orthophosphate  (as  P04) 

19 

1 

20 

95% 

Yes 

Potassium 

11 

5 

16 

69% 

Yes 

Selenium 

1 

15 

16 

6% 

No 

Sodium 

15 

1 

16 

94% 

Yes 

Sulfate 

19 

1 

20 

95% 

Yes 

Vanadium 

1 

15 

16 

6% 

No 

Zinc 

12 

4 

16 

75% 

No 

UTL  -  Upper  tolerance  limit 
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TABLE  F-ll 

Comparison  of  IAGS  Background  Groundwater  UTLs 

with  IRP  Background  Groundwater  UTLs 


Compound 

UTL 

IRP  UTL 

(mg/L) 

(mg/L) 

Calcium 

4.2 

11 

Chloride  (as  CI) 

1.3 

Not  Reported 

Chloroform 

0.0036 

Not  Reported 

Magnesium 

3.1 

14.9 

Manganese 

0.13 

0.2 

Nitrate/Nitrite 

1.1 

Not  Reported 

Phosphorus  (PCM) 

0.15 

Not  Reported 

Potassium 

1.9 

2.6 

Sodium 

9.8 

18 

Sulfate 

11 

Not  Reported 

UTL  -  Upper  tolerance  limit. 


TABLE  F-12 
Frequency  of  Detection  in  Background  Sediment  Samples 


#Non- 

Total 

Calculate 

Compound 

#  Detects 

Detects 

Samples 

%  Detect 

UTL? 

2-Methylphenol 

1 

17 

18 

6% 

No 

4-Methylphenol 

1 

17 

18 

6% 

No 

Acenaphthene 

1 

17 

18 

6% 

No 

Aldrin 

1 

17 

18 

6% 

No 

Aluminum 

20 

0 

20 

100% 

Yes 

Anthracene 

1 

17 

18 

6% 

No 

Antimony 

2 

17 

19 

11% 

No 

Arsenic 

1 

18 

19 

5% 

No 

Barium 

20 

0 

20 

100% 

Yes 

Benzo(a)anthracene 

1 

17 

18 

6% 

No 

Benzo(a)pyrene 

1 

17 

18 

6% 

No 

Benzo(b)fluoranthene 

1 

17 

18 

6% 

No 

Benzo(ghi)perylene 

1 

17 

18 

6% 

No 

Benzo(k)fluoranthene 

1 

17 

18 

6% 

No 

Beryllium 

9 

10 

19 

47% 

No 

BEHP 

4 

14 

18 

22% 

No 

Cadmium 

2 

16 

18 

11% 

No 

Calcium 

20 

0 

20 

100% 

Yes 

Chromium,  total 

19 

1 

20 

95% 

Yes 

Chrysene 

1 

17 

18 

6% 

No 

Cobalt 

6 

13 

19 

32% 

No 

Copper 

14 

5 

19 

74% 

Yes 

4,4'-DDD 

4 

14 

18 

22% 

No 

4,4'-DDE 

7 

11 

18 

39% 

No 

4,4'-DDT 

3 

15 

18 

17% 

No 

Dieldrin 

8 

10 

18 

44% 

No 

Fluoranthene 

2 

17 

19 

11% 

No 

Fluorene 

1 

17 

18 

6% 

No 

Indeno(123cd)pyrene 

1 

17 

18 

6% 

No 

Iron 

20 

0 

20 

100% 

Yes 

Lead 

15 

4 

19 

79% 

Yes 

Magnesium 

16 

4 

20 

80% 

Yes 

Manganese 

18 

2 

20 

90% 

Yes 

MCPA 

8 

11 

19       • 

42% 

No 

MCPP 

1 

17 

18 

6% 

No 

Molybdenum 

5 

14 

19 

26% 

No 

Nickel 

3 

15 

18 

17% 

No 

Nitrate/Nitrite  (as  N) 

20 

0 

20 

100% 

Yes 

Ammonia  Nitrogen  (as  N) 

19 

1 

20 

95% 

Yes 

Phenanthrene 

1 

17 

18 

6% 

No 

Phosphorus,  Total  Orthophosphate  (as  P04) 

19 

1 

20 

95% 

Yes 

Potassium 

4 

14 

18 

22% 

No 

Pyrene 

1 

17 

18 

6% 

No 

Selenium 

3 

17 

20 

15% 

No 

Thallium 

1 

17 

18 

6% 

No 

Vanadium 

18 

2 

20 

90% 

Yes 

Zinc 

8 

11 

19 

42% 

No 

UTL-  Upper  tolerance  limit. 
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TABLE  F-15 
Frequency  of  Detection  in  Background  Surface  Water  Samples 


Calculate 

Compound 

ft  Detects 

#  Non-Detects 

Total  Samples 

%  Detect 

UTL? 

2,4  DB 

1 

19 

20 

5% 

No 

Aldrin 

1 

19 

20 

5% 

No 

Alpha-Chlordane 

1 

19 

20 

5% 

No 

Aluminum 

19 

1 

20 

95% 

Yes 

Antimony 

2 

18 

20 

10% 

No 

Arsenic 

2 

18 

20 

10% 

No 

Barium 

10 

10 

20 

50% 

No 

Beryllium 

1 

19 

20 

5% 

No 

BEHP 

1 

19 

20 

5% 

No 

Boron 

1 

19 

20 

5% 

No 

Calcium 

20 

0 

20 

100% 

Yes 

CaC03 

18 

1 

19 

95% 

Yes 

Chloride  (as  CI) 

20 

0 

20 

100% 

Yes 

4,4-DDD 

1 

19 

20 

5% 

No 

4,4'-DDE 

1 

19 

20 

5% 

No 

4,4'-DDT 

1 

19 

20 

5% 

No 

Endrin  aldehyde 

1 

19 

20 

5% 

No 

Iron 

16 

4 

20 

80% 

Yes 

Lead 

3 

17 

20 

15% 

No 

Magnesium 

20 

0 

20 

100% 

Yes 

Manganese 

20 

0 

20 

100% 

Yes 

MCPP 

1 

19 

20 

5% 

No 

Molyhdenum 

1 

19 

20 

5% 

No 

Nickel 

1 

19 

20 

5% 

No 

Nitrate/Nitrite  (as  N) 

17 

3 

20 

85% 

Yes 

Ammonia  Nitrogen  (as  N) 

18 

2 

20 

90% 

Yes 

PCB-1260 

2 

18 

20 

10% 

No 

Phosphorus,  Total  Orthophosphate  (as  P04) 

17 

3 

20 

85% 

Yes 

Potassium 

18 

2 

20 

90% 

Yes 

Sodium 

18 

2 

20 

90% 

Yes 

Sulfate 

20 

0 

20 

100% 

Yes 

Vanadium 

4 

16 

20 

20% 

No 

Zinc 

5 

15 

20 

25% 

No 

UTL  -  Upper  tolerance  limit. 
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Table  1 
Outliers  Eliminated  From  Background  Upper  Tolerance  Limit  Calculations 


Compound 

Surface 
Soil 

Subsurface 
Soil 

Groundwater 

Sediment 

Surface 
Water 

Aluminum 

none 

none 

— 

none 

none 

Ammonia 

none 

— 

... 

none 

none 

Arsenic 

none 

none 

— 

... 

... 

Barium 

B41HAA 

none 

— 

none 

... 

Beryllium 

none 

none 

... 

... 

... 

Calcium 

none 

none 

WL12XA 

none 

none 

Calcium  Carbonate 

... 

— 

WF12XA 

— 

none 

Chloride 

... 

WG160A 
WL82XA 

none 

Chloroform 

— 

... 

none 

— 

— 

Chromium 

B41HAA 

none 

... 

none 

... 

Cobalt 

B41HAA 

none 

... 

... 

... 

Copper 

none 

none 

— 

none 

— 

DDE 

none 

— 

... 

... 

... 

DDT 

none 

... 

... 

— 

— 

Iron 

none 

none 

... 

none 

none 

Lead 

none 

none 

... 

none 

... 

Magnesium 

none 

none 

WL12XA 

none 

none 

Manganese 

B41HAA 

none 

none 

D43HAA 

none 

MCPA 

none 

— 

... 

... 

— 

Nickel 

none 

none 

— 

— 

— 

Nitrate/Nitrite 

none 

none 

none 

none 

none 

Phosphate 

none 

none 

none 

none 

none 

Potassium 

B41HAA 

none 

none 

— 

none 

Sodium 

— 

... 

none 

... 

none 

Sulfate 

... 

— 

none 

— 

none 

Vanadium 

none 

none 

— 

none 

... 

Zinc 

B42CAA 

B42ABA 

— 

... 

... 

—  This  compound  was  not  included  in  the  background  evaluation  for  this  medium  because  it 
did  not  meet  frequency  of  detection  requirements. 
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